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EXECUTIVE SUMMARY 
Pendleton Artificial Reef (PAR> was construeted in fal! 1980, 5.5 km 
south of San Onofre Nuclear Generating Station on sa.nd bottom in 13 m of water. 
It was c~nstrueted of 8,888 metric tons of quarry rock placed in eight high 
relief modules averaging 36 m in length, 20 m wide, and 4.5 m high. Modules were 
spaced approxima.tely 18 m apart and rock rubble was scattered in intermodular 
spaces to capture drift algae. It is the largest single artificial reef 
construction of this type in the United States. 
Southern Caliifornia Edison (SCE) is funding studies to document changes 
in populations of PAR '5 resources as they progress through stages of ecological 
succession. Abundances of selected invertebrate and algal species were 
documented and related to substrate and elevation on four representative modules. 
A total of 64 species of invertebrates, 16 species of algae, and 30 fish species 
has been observed on PAR since its construetion. The most abundant invertebrate 
en the reef, covering 79.1% of a11 exposed rocky surfaces was Cryptoarachnidium 
argilla, an encrusting ectoproct. A low growing algal turf complex covered 
approximately 20% of rock surfaces. Sport and commercially valuable fishes seen 
in substantial numbers at PAR included, Icelp bass, and barred sand bass, 
sheephead, and surfperches. 
In addition to ecological studies, biomanipulation opera.tions were 
undertaken in an effort to dired development of the reef's biota teward a more 
diverse and productive state , thus enhancing the reef's potential as a mitigative
.. 
tool. These efforts included transplantation of gia.nt Icelp and outplanting of 
abalone. 
viii 
1) MiHed substrate composition and a wide range of relief strata extant 
on PAR provided diverse habitats for a wide variety of fishes I invertebrates. and 
algae. 
2) The biotic community of PAR 1i'1aS in an early stage of ecological 
development. Sessile epibenthic biota was dominated by nine taxa. the most 
abundant of whic.h was the encrusting edoproct I Cryptoarachnidium argilla. 
3) Epibenthic organisms, particularly barnacles I provided food for fishes 
.. 
and invertebrates on PAR. 
4> High densities of both adult and juvenile fishes I particularly kelp 
bass. barred sand bass I and sheephead demonstra.ted that PAR has strong 
fish-attracting qualities. 
S> Lobsters and rock crabs attracted to PAR in 1981-82 contributed to 
cammercia.l and sport fisheries. Juvenile crabs and rock sca.Ilops recruited to 
PAR in 1981-82 should further enhance local fisheries. 
6) Efforts to establish giant kelp on PAR in 1981-82 were unsuccessful 
due to excessive grazing damage by fishes to transplanted Macrocystis and 
offspring. A greater biomass of .!1acrocystis will be required to overcome the 
effects of grazing pressure by 
1) The tate af 20 I ooe 
herbivorous species. 
i'Jvenile abalone outplanted to PAR in 1981 is 
.. 
uncertain. An abundance of predators and a. paucity of algal forage appea.red to 
be the major obstacles to the survival ot the abalone. 
outplanted to PAR until vegetative cover is adequate to 
Abalone should not be 
p'rovide them with food 
.. 
and protection. 
..
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Proposed St udies 
In the upcoming phase of the PAR study we propose to: 1> continue 
monitoring successional changes in biota; 2) develop and implement new, more 
efficient, techniques for transplanting, outplanting, and seeding l1acrocystis 
and associated vegetation¡ 3) document fish populations and their role in local 
fisheries¡ 4) conduct caging and disturbance studies which wiU include 
transplanting selected epibenthic invertebrates and monitoring their effects on 
associated biota¡ and 5) formulate potential standards for mitigating 
environmental degradation. 
These studies will provide the information necessary to develop 
, 
artificial reefs that are comparable to, or better than, natural reefs with 
respect to fish, invertebrate, and algal assembla.ges. 
x 
INTRODUCTION 
The use of artificial reefs t()r inereasing fisheries landings in the 
marine environment has long be.:n recogni:z:ed. Japa.nese fishermen have utilized 
artificial strudures far this purpase ~ar centurias. Over 3,800 man-made reefs 
had ceen constructed in Japan'$ coast;;.l water5 before 1970. lnterest in 
enhancement of fisheries productian continues. From 1976 through 1982 the 
Jap~nese government budgeted $870,000,000 far reef structures at 2,500 sites, 
development of aquaculture grounds, environmantal improvements, research, and 
planning (Mattet 1962). 
Althaugh the fisheries enhancement qualities of man-made reefs are well 
doc.umented, their mitigative value is only naw being examined. Southern 
Ca.lifornia. Edison (SCE) and California Department of Fish and Game (CDF& G) joined 
in a. cooperative effort to ..ietermine the mitigative potential of artificial reefs 
.. 
far possit:le damages to the nearshore environment caused by power plant 
opera.tions. These efforts began with the construdian af Pendleton Artificial 
Reef (PAR) near Sa.n Onofre Nuclear Generating Station (SONGS) in August-September 
... 
1980. Construction and follow-up biological opera.tions were finaneed by SCE. 
Reef design, biological studies, and biomanipulation operations have been earried 
out by COF& G. AIso participating in this investigation, was the California 
Coasta.l Commission's Marine Review Committea through Lockheed Ocean Science 
Laboratories (LOSL). 
This report examines early successlonal development, reviews our 
.. 
bioenhanc.ement techniques, anc summarizes our operations during PAR's second year 
of existenc.e from Odober 1981 to Odober 1982. 
xi 
ECOLOGICAL SURVEYS 
This past year a great deal of time was spent doc:umenting development of 
invertebrate and algal assemblages as related to substrate type, relief, and 
seasonal c:hange. These efforts were partic:ularly important bec:ause detailed 
information, relating to biologic:a.l c:hanges and biomanipulation efforts, is 
critic:al for improving management tec:hniques, reef designs, and developing 
c:riteria for mitigation. 
Biologic:al studies at PAR have evolved to more effic:ienUy and 
effedively doc:ument development of reef biota. Survey techniques originally 
used to doc:ument biotic: c:hange inc:luded random 1/4 m square quadrats and 30m by 
1m b:ind transects. The 1/4 m square quadrats were discontinued in fall 1981 due 
to high sampling variability and have been replac:ed with random point contac:t 
<RPC) quadrats. The RPC method provides greater acc:urac:y for assessing perc:ent 
cover of epibenthic: biota. RPC sampling methods are similar to those employed by 
L05L in studies at PAR and Diablo Canyon. Band transec:ts have c:ontinued with 
slight modific:ations in organization. Data are now c:ol1ec:ted in 5 ft vertic:al 
relief increments along lines rather than by 5 meter linear inc:rements. This 
enables us to qualitatively assess presenc:e or absEmce of organisms at different 
elevations on the reef. Survey information should help to determine roc:k sizes 
and reef c:onfigurations whic:h best support desired spec:ies. 
RPC SURVEYS 
RPC surveys were c:onduc:ted quarterly at four of the eight modules 
<Numbers 1, 2, 3, and 8). Twelve RPC samples were completed per module, four 
within eac:h of three 5 foot relief profiles. Locations of the RPC frames in each 
relief profile were determined randomly. The RPC quadrat used at PAR, is an 1/8 
2
 
..
 
meter square fn.me with e.ro:s wires laid out in a pattern forming 30 uniformly 
distrihuted points. Each point was scored 1:'y recording the vertical layering of 
organisms from the substrate up. For each taxon ¡ the percent cover estimate was 
computed based on the percentage of the 30 points in which the taxon was 
encountered. Repeated samples were averaged ana standard deviations for the 
averages were computed. for statistical comparisons, the decimal equivalents of 
the percent cover estimo.tes were transformed usir.·;¡ the arc-sine transformation 
(Sokal and RohIf, 1973). ror the purpose of substrate c.omparisons we separatea 
.. 
RPC sample dat:~. into two grotJps. One group was designated as "cobble" and 
included samples: containing c.obole sized rocles, those with diameters ranging from 
3 to 30 cm. The second group was designated as "boulder" and included sam?les 
conhining only boulder sized rocles, greater than 30 cm in diametar. Differences 
in percent cover of seIected organisms ~n cobbIe and boulder substrates were 
compared using t-tests. For each spec.ies or taxa, one way analysis of variance 
.. 
(ANOVA) was used to ccmpare dHfer~nces among relief profiles. Similarly one-way 
ANOVA's were used to compare differences among modules and among samphng 
qua.rters. 
Substrate and Relief Characteristir::s 
PAR was constructed of 8,888 metric tons of quarry rock in eight high 
relief modules af 1,111 metric tons each. Var7ing rock sizes were incorporated 
into the design to test the bioenhanc.ement potential of different roc.lcy habitat 
types at various elevations aboye the bottom. Seven of ~AR's eight modules were 
constructed of boulder sized rock that ranged from 0.5 m - 1. O m in diameter. 
Module Number 3, however, was construc.ted entirely o,f boulders l. O m-l. 15 m in 
diameter. Four of the modules, Numbers 1, 4, 5, and 8, received a topping of 
cobble which varied in amcunt and in placement on eac.h of the modules. Modules 
3
 
1, 2, 3, and 8 were selected for studies because together they represented a full 
spectrum of rock compositions and physical characteristics occurring at PAR. The 
percent cover of boulders and cobbles on these four modules were derived from RPC 
data and differed considerably by relief profile and module . 
..tlodu le 1 - Early sidescanning sonar ~urveys of PAR by Ecosystems 
Management in October 1980 showed Module 1 to be only 2 m high <LOSL 1982). 
Module 1 was resurveyed by DFG on 16 November, 1982. This survey revealed tha t 
the actual maximum relief of the module was 6 m and lhat approximately 11 m of 
substrate along the longitudinal axis was in excess of 3.1 m relief. 
Due to the error in the original relief measurements, our RPC samples for 
Module 1 in 1981-82 included biological and physical data for only middle and 
bottom relief profiles. The middle profile was 16.5 m in length and consisted of 
76.8'1, boulder and 22.7% cobble cover. The bottom profile was 27 ro in length and 
contained 69. S',. boulder and 29.7'/, cobble cover <Table 1, Figure 1). Our RPC 
sampling program was revised in December 1982 lo include this top relief profile . 
.tlodule 2 - This module had a total of 86.6'1, cover of boulder and 13.3% 
cover of cobble subslrale. The top profile was approximalely 10 m in length with 
a 90.8'1, cover of boulders and 8.7'10 cover of cobbles. The middle profile , 31 m 
long, had a 78.9'10 cover of boulder and 21.0'/. cover of cobble. The bottom 
profile, 42 ro long, was covered by 90. 2'1, boulders and 10. 2'1, cobbles <Table 1, 
Figure 1). 
Module 3 - The total cover of substrate on this module consisted of 
98.4'10 boulder and 1. S'" cobble. The top profile was 15 m long and had a 100'1. 
cover of boulders. The middle profile was approximately 26 m in length, had 97% 
cover of boulders and 2.9'1. cover of cobbles. The bollom profile, 32 m long, had 
a 98.3'" and 1. 61ft cover of boulders and cobbles respectively (Ta.ble 1, Figure 1). 
l::1odu le 8 - Substrale cover consisted of 72% boulder and 28'/. cobble. 
The top profile was approximalely 20 m long and was covered with 93. S'I. boulders 
4 
and ? 5% cotlbles. 'I'he :oiddle profile, measuring just over 30 ro in length, had a 
SO. 81ft cover of boulders and Q9.1'/0 cover oí cobbles. The bottom profile measured 
36 m in lenglh and had 71.?0f0 cover oí bould~rs and 28.2'10 cover of cobble <Table 
1, Figure 1). 
5
 
TABLE l.	 Percent Covers and Standard Deviations (SD), of Boulder and Cobble 
Substrates by Module and Relief Profiles. 
MODULE 
Relief 1 2 1 3 8 TOTAL 
Substrate Profile 
mean (sn. ) mean (SD.) mean (SD. ) mean (SD.) mean (sn. ) 
top ND ( ND) 90.8 00.9) 100.0 (0.0) 92.5 05.1) 94.4 (l8. 9)
 
Boulder mid 76.8 (27.5) 78.9 08.2) 97.0 (11.6) 50.8 (47.6) 75.9 07.1)
 
10\01 69.5 (41.7) 90.2 (27.0) 98.3 ( 6.6) 71.8 (44.6) 82.5 (34.9)
 
TOTAL 73.2 04.9) 86.6 (29.5) 98.4 ( 7.6) ,71. 7 (43.0) 83.3 02.9)
 
top ND (ND) 8.7 01.8) 0.0 ( 0.0) 7.5 05.1) 17.4 04.8)
 
Cobb1e mid 22.707.5t 21.0 (27.5) 2.9 01.6) 49.1 (47.6) 23.9 07.1)
 
10\01 29.7 (41.8) 10.2 (26.9) 1.6 ( 6.6) 28.1 (44.6) 17.4 (34.8)
 
TOTAL 26.2 05.0) 13.3 (29.5) 1.5 ( 7.6) 28.2 (43.0) 16.5 02.9)
 
ND-no data; Rellef Proflles, Top~10+ft., Mld-5-10ft., Low=0-5ft. n=16/each module­
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Epibenthic In'iTcrt~br3.t~ 
The invertebrate diversity on PAR continued to increase with time. A 
total of 64 species, representing 9 phyh., has been observed on PAR since it was 
constructed in August-September 1980. Forty-sbt species of invertebrates 
.. 
appeared in the first yea.r <9-80 to 10-81> and eighteen new species were seen in 
the second year <10-81 thru 10-82) <AppendiK 1>. Thesé! included, 48 filter 
feeders, 7 carnivores, 7 omnivores, and 2 herbivores (AppendiK Z). Only six 
species or groups were abundant enough to have contributed an average cover of 1% 
or more on modules surveyed with RPC 's. These were: erect hydroids, 
Cryptoarac.hnidium argiUa, Bala.nus spp <live) , Bal.3.nus spp (dead), erect 
ectoprocts, and encrusting ectoprccts. Many invertebrates, particularly 
barnacles, athecate hydroid=, amphipods, and polychaetes observed in our studies 
at PAR were reported by Turner, Ebert I and Given <19óY) , to be common food iteros 
for fishes inhabiting the Santa Monica Day A!'tificial Reefs (SMBAR). 
Erect hydroids: Obelia sp. was by far toe most common hydroid seen on 
the reef¡ others included Plumulari~ 5pp., ,Iubularia sp. and Aglaophenia 
.. 
struthionides. This group averaged 33.9% cover on modules surveyed <Table 2). 
Perc.ent covers of hydroids were not significantly different between substrate 
types <cobbles and :Joulders), relief profiles, or modules. However, average 
• 
cover of erect hydroids, for the reef as a whole, had declined significantly from 
42.3% in the faU of 1981 to 22.7% in summer of 1982 (Table 4, Figure 4). 
Cryptoarachnidium argilla: For the purpose of our studies c. argilla 
... 
was separated from other encrusting ectoprocts because of its abundance and 
potential influence on other organisms. On the four test modules this species 
had a mean cave¡- of 79.11fo <Table 2, Figure 2). The percent covers of ~~ argilla 
dld not differ significant1y between substrate types, relief profiles, or 
modules. Cover of this spec.ies did vary significantly, over time, showing a high 
7
 
of 91.5'/0 in spring 1982 declining to 61.2% in winter 1982 <Table 4, Figure 4). 
Balanus spp.: Live and dead barnac1es were differentiated because their 
ecological roles are quite different. On the four study modules combined, the 
average covers of live and dead Balan us was 7.6% and 6.5% respectively <Table 2, 
Figure 2). The 10% cover of live Balanus on cobble substrate was significantIy 
greater than the 6.6% cover on boulder substrate <Table 3, Figure 3). Live 
Balanus showed significantly greater percent cover on the middle profiles as 
compared to top or bottom profiles <Table 2, Figure 2). Modules 1 and 8, both 
with a cobble topping, had significantIy higher percent covers of live and dead 
Balanus than did Modules 2 and 3, those with less cobble substrate <Table 2, 
Figure 2). Aside from a slight decline in abundance during winter 1982, the 
percent covers of both live and dead Balanus increased between fal! 1981 and 
summer 1982, from 6.8 to 10.4 for live individuals and from 5.9 to 10.6 for dead 
ones <Table 11, Figure 4). 
Encrusting ectoprocts: The six main species of encrusting ectoprocts 
noted on PAR were Dendrobeania laxa, Costazia sp., CelIeporaria sp. , 
SchizoporeIla sp., Diaporoecia californica, and Membranipora sp. The four 
modules surveyed had a mean cover of 2.6% encrusting ectoprocts <Table 2, Figure 
2). Cover of this taxon was significantly greater on cobble, 5.5%, than on 
boulder substrate, 1.3% <Table 3, Figure 3). 
Erect ectoprocts: Three species, Bugula spp., Crisulipora spp. and 
..Thalamoporella sp. comprised the majority of this ectoproct group. Their average 
cover for the four modules surveyed was 3.8% <Table 2, Figure 2). There were 
significant differences in their occurrence, with respect to substrate types, 
reliet profiles, modules, and sampling periods. The percent cover of a11 erect 
ectoprocts was greater on cobble, 6.8, than on boulder, 2. 5<Table 3, Figure 3). 
These organisms were more abundant on the middle and lower relief profiles, and 
lea,st abundant on top protiles <Table 2, Figure 2). Modules 1 and 8 had the 
8
 
greatest mean covers, <1.3% and 7.0"/0 respectiveIy, while t10dules 2 and 3 had the 
least covers, 3. tara and 1. C% <TabIe 2). The covers of erec.t ec.túproc.ts increased 
.. 
fLoro 0.5'1, in faU 1981, to 7. SCfo in spring 1982 th~n declined to 5.0% in summer 
1gez <TabIe 11, Figure q). 
..
 
..
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Epibenthic AIgae 
RPC studies revealed that only three of the 16 algal taxa observed on PAR 
since its construction were abundant enough to have contributed at least one 
percent c.over on modules surveyed. These were Rhodymenia sp., Ectocarpus sp. I 
a.nd a.lgal turf. For c.omplete algal taxa list see Appendix 3. 
Rhodymenia sp.: The mean cover of Rhodymenia for the four study
 
modules combined was 4.6'/0 <Tableo 2 I Figure 2). This alga showed a significantly
 
greater cover on boulder than en c.obble substrate I 5.30/0 and 3.1 % respectively
 
<Table 3, Figure 3). No significant differences in percent cover eccurred
 
between relief profiles ar between modules <Table 2, Figure 2). Rhodymenia. was
 
Ithe only algal taxonaf the three selected that failed to show a significant
 
quarterly difference in percent cover <Table 4, Figure 4).
 
Ectocarpus sp.: This low growing brown alga was treated separately for 
this report, but in the future it will be included in the algal turf complex, 
because af its frequent accurrence in this group .. 
The a.verage cover on surveyed modules wa.s 16.4% (Table 2 I Figure 2). As 
with the other two algal species I its c.over differed significantly between cobble 
and boulder substrates I 10.0% and 18.0'/., respectively (Table 3 I Figure 3). 
LiJcewise Ectocarpus was most abundant en the top profiles with a mean cover af 
30 . 5'10. It was least abundant on the lowest profiles where it a veraged 4.9'/0 cover
 
CTable 2, Figure 2). The mean cover remained fairly stable in the fall, winter,
 
and summer sampling periods, ranging between 22.8 and 20. S percent. However, a.
 
.	 significant decline to 1.30/0 was abserved in the spring 1982 samp!ing periad 
(Table 4, Figure 4). 
Algal turf: This was a complex af severa! alga! forms commonly less
 
than 2 cm in height, including diatoms I polysiphonous algae, and ;uvenile stages
 
of larger sub-canopy and canopy forming species. Overal!, the mean cover af
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" 
algal turt \'lTaz; 19. Z% <Table 2, Figure 2). This differed significantly between 
substrate type, 14. SO!I on cobble and 21.21/0 on boulder <Table 3, Figure 3). It was 
.. 
most abundant on the top relief protiles, 341/0 cover, dedining to on!y 8. 9~¡o cover 
on the bottom pr.ofiles <Table 2, Figure 2). The percent cover of algal turf did 
not differ significantly• between modules, however modules Z and 3, with a greater 
.," 
composition of boulders, also had a somewhat greater cover of algal turf than 
Modules 1 and 8 <Table 2). The seasonal changes in cover of algal turf ra.nged 
trom 8.4% in fall 1981, to 28.9% in summer of 1982, a. continuous and significant 
increase <Table 4, Figure 4). 
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TABLE 2. Percent Covers and Standard Deviations (SD) 
of Nine Taxa by Module and Re1ief Proftle. 
, 
Taxa 
, (species) 
Relief 
profile mean 
1 
(SD) mean 
2 
--, 
(SD) 
HODULE 
3 
mean (SD) 
-
mean 
8 
(SD) 
TOTAL 
mean (SD) 
, 
Rhodyrnenia 
sp. 
10+~ 
5-10~ 
0:""5' 
ND 
7.0 
2.5 
(ND) 
(701) 
(4.5) 
6.2 
3.9 
4.7 
(9.2) 
(5.3) 
(5.1) 
3.9 (7.5) 
7.9 (10.0) 
5.2 (7.6) 
4.3 
3.3 
2.2 
(5.1) 
(4.8) 
(3.9) 
4.8 
5.5 
3.6 
(7.4. 
(7.2 
(5.S 
TOTAL 4.7 (6.3) 5.0 (6.7) 5.6 (8.4) 3.3 (4.6) 4.6 (6.7 
• 
Ectocarpus 
10+~ 
5-10~ 
0-5~ 
I ND 20.0 
7.0 
(ND) 
(17.5) 
(H. O) 
24.3 
16.2 
2.0 
(28.7) 
(23.8) 
(5.9) 
35.6 
13.3 
5.6 
(29.0) 
(18.1) 
(9.9) 
31.6 
19.3 
5.0 
(30.3) 
(24.7) 
(10.6) 
30.5 
17.2 
4.9 
(29.2 
(20.9 
(9.S 
A1ga1 
turf 
TOTAL 
10+~ 
5-10~ 
0-5~ 
13.5 
ND 
19.3 
6.4 
(15.8) 
(ND) 
(24.5) 
(9.9) 
14.2 
32.5 
17.5 
10.6 
(2302) 
(25.8) 
(26.7) 
(18.7) 
18.1 
36.8 
25.0 
17.3 
(24.0) 
(27.6) 
(25.9) 
(10.2) 
18.6 
33.1 
11.2 
8.3 
(25.4) 
. (29.5) 
(13 02) 
(10.1) 
16.4 (22.2
1 34.0 (27.1 .I 
18.2 (23.2' 
8.9 (14. 3~ 
TOTAL 12.9 (19.5) 20.2 (25.2) 24.0 (25.9) 17.5 (22.1) 19.2 (23.8 
Erect 
hydroids 
10+~ 
5-10~ 
O-S" 
ND 
30.6 
24.7 
(ND) 
(23.2) 
(19.8) 
42.0 
40.8 
38.3 
(27. O) 
(24.0) 
(26. O) 
25.0 
38.7 
3500 
(25.9) 
(32.8) 
(32.0) 
53.3 
23.5 
20.0 
(31.0) 
(27.8) 
(23.8) 
40.4 
33.4 
29.6 
(29.7: 
(27.s­
(26.1, 
, 
Crypto. 
argil1a 
TOTAL 
10+/ 
S-lO" 
0-5/ 
27.7 
ND 
26.9 
87.7 
(21.4) 
(ND) 
(34.0) 
(16.5) 
40.4 
72.9 
75.8 
81.2 
(25.2) 
(37.1) 
(33.2) 
(33.2) 
33.1 
73.3 
88.1 
85.8 
(30.5) 
(30.5) 
(15.6) 
(21.0) 
32.4 
75.8 
82.7 
83.9 
(30.8) 
(38. O) 
(17.4) 
(22.5) 
33.9 
74.0 
77 .3 
8.... 6 
(27.8 
(34.6' 
(27.5 
(23.6 
." 
Balanus 
(live) 
TOTAL 
10+/ 
S-lO" 
O-S" 
75.3 
ND' 
12.7 
7 00 
(29.1) 
(ND) 
(8.7) 
(5.2) 
76.6 
5.4 
9.3 
5.0 
(34.0) 
(4.5) 
(6.5) 
(7.2) 
82.4 
5.6 
7.5 
5.0 
(23.6) 
(5.2) 
(5.7) 
(4.3) 
80.8 
6.2 
10.6 
10.0 
(27.1) 
(4.3) 
(7.4) 
(8.9) 
79.1 
5.7 
10.0 
6.7 
(28 .ó, 
(4.6: 
(7.2' 
(6.8, 
TOTAL 908 (7.6) 6.5 (6.3) 6.0 (5.1.) 8.9 (7.2) 7.6 (6.7' 
Ba1anus 
(dead) 
10+ / 
5-10/ 
0-5/ 
ND 
9.7 
4.5 
(ND) 
(708) 
(7.3) 
6.2 
600 
6.6 
(6.5) 
(5.9) 
(6.9) 
7.2 
4.3 
2.9 
(7.2) 
(5.l} 
(2.9) 
7.7 
8.9 
7.2 
(6.0) 
(8.2) 
(5.6) 
7.0 
7.2 
5.3 
(6.5: 
(7.0. 
(6.1: 
•
·. 
Erect' 
ectoproct~ 
TOTAL 
10+~ 
5-10/ 
0-5/ 
7 01 
ND 
3.5 
5.2 
(7.9) 
(ND) 
(4.2) 
(6.5) 
603 
0.6 
3.1 
5.6 
(603) 
(1.8) 
(6.1) 
(8.9) 
4.8 
0.0 
0.4 
2.7 
(5.5) 
(0.0) 
(1.L) 
(3.8) 
7.9 
0.6 
11.2 
9.3 
(606) 
(1.8) 
(15. O) 
(14.6) 
6.5 
0.4 
4.5 
5.7 
(6.6, 
(1.4; 
(9 .l~ 
(9 .4~ 
Crustose 
ectoproct~ 
.TOTAL 
10+ 1 
5-10 1 
.0-5 " 
4.3 
ND 
3.3 
4.3 
(5.5) 
(ND) 
(4.0) 
(5.9) 
3.1 
1.8 
2.0 
1.2 
(6.5) 
(4.3) 
(4.1) 
(3.4) 
1.0 
0.6 
1.2 
3.1 
(2.5) 
(1.8) 
(3.6) 
(3.9) 
7.0 
0.6 
3.9 
6.6 
(12.7) 
(1.8) 
(5.9) 
(19.0) 
3.8 (8.2:' 
1.0 (2.9> 
2.6 (4.5) 
3.8 (10.2) 
TOTAL 3.8 (5.0) 1.7 (3.9) 1.6 (3.3} 3.7 (11.5) 2.6 (6.9 
ND = No data. Relief profiles: Top = 10+ ft; Hid = S-lO ft; Low = 0-5 ft; 
n = 16 for each modu1e- re1ief profi1e. 
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FIGURE 2 PERCENT COVERS OF ,9 TAXA 
,fOR THREE RELIEF PROFILES • 
AVERAGEO FOR STUDY MODULES 1, 2, 3, ANO 8. 
.,~ 
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TABLE 3.	 Percent covers of 6 Taxa on Cobble and Boulder Substrates Averaged 
for Study Modules 1, 2, 3, and 8, and Probability of Observing the 
Observed Differences Based on t-comparisons. 
-
 SUBSTRATE 
TAXA COBBLE BOULDER PROBABILITY 
Rhodymenia__ 3.1 S.3 .01 
Ectocarpus 10.0 18.0 .01 
.­
Algal Turf 14.5 21.2 .02 
Balanus live 10.0 6.6 .01 
Ectoprocts erect 6.8 2.5 .01 
Ectoprocts ctustose 5.5 1.3 .01 
Sample size (n) 53 123 
Ectoprocts 
Cobble substrate Boulder substrate 
Percent cover 
FIGURE 3: PERCENT COVER8 Of e TAXA ON COBBLE AND BOULDEA 
IU88TRAT~8 AVERAOED fOA 8TUDY MODULE8 1, 2. S. AND 8. 
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TABLE 4. Percent Covers and Standard Deviations 
(SO) of Nine Taxa by Samp1ing Periodo 
r-' 
Samp1ing Period -. Fa11 81 Winter 82 Spring 82 Summer 82 
.­rSpecies
(Taxa) mean (SO) mean (SD) mean (SO) I mean (SO) 
R~lOd ,,-;ncn ia sp. 4.3 (5.3) 6.0 (7.5) 4.3 (6.8) 4.0 (7.0)
----" 
Ectocarpus 22.8 (23.8) 20.8 (25.3) 1.3 (3.6) 20.5 (24.4) 
A1ga1 turf 8.4 (17.6) 13.7 (18.4) 25.6 (28.7) 28.9 (23.2) 
Erect hydroids 42.3 (27. O) 34.2 (28.7) 36.5 (30.4) 22.7 (21.4) 
. 
Crypto. argil1a 75.9 (27.4) 61.2 (37. ó) 91.5 (16.8) 87.8 (17.4) 
Ba1anus a1ive 6.8 (5.7) 5.7 (5.9) 7.5 (6.0) 10.6 (8.1) 
Balanus dead 5.9 (6.3) 4.3 (4.1) 5.3 (5.1) 10.4 (8.4) 
Ectoprocts erect 0.5 (3.0) 2.0 (4.0) 7.8 (12.9) 5.0 (6.9) 
:~toprocts crust 0.7 (2.0) 2.3 (3.9) 5.0 (12.2) 2.5 (4.3) 
Note: N = 44 
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30m BY 1m BAND TRANSECT SURVEYS 
Band transects were surveyed quarterly on Modules 1, Z, 3, and 8. Two 
permanent 130m by 1m bands were sampled on each module. These were marked by 
lead coreo transect lines running along the lonQitudinal and latitudinal ay.es. 
Larger cpibenthic forms such as sea stars, Patiria miniata, Pisaster ~nteus, 
and L brevispinus¡ rock scallops, Hinnites ,.gjganteus j and abalone jingles, 
Pododesm us cepio , were counted in these surveys, and presence/absence of many 
smaller species was noted. These surveys provide an historical record of 
suc:cessional and seasonal variations, as weU as species occtlrrences in the 
different relief profiles. 
Selected Species Discussion 
Hinnites aiganteus (rock sc.allop). Scallops are common inhabitants of 
rocky reefs from British Columbia to Baja California. Free swimming juveniles 
are found under rocks before they cement thetnselves permanently in crevices or 
along v·ertical rock surfaces. Attachment generally occurs when the animals are 
15-25 mm long. Turner, Ebert, and Given (1969) reported seeing rock scallops at 
the Santa Monic? B",y !.~üficial Reefs (SMI3AR), seven months after construction . 
.,ftP':" .:11 rr.vnths, they had matured and appeared ready to spawn. The mean size of 
adult scallops found at 5MBAR after 5 years, was 124 mm. Hi nn it es were first 
identified at PAR in Odober 1981, approximately 13 months following 
c.onstruction. Although no formal studies of growth rates or densities were 
conducted, observations indicated that the scallops were thriving. Animals over 
10 cm in length were commonly seen. Scallops are preved upon by sheephead, 
Semicossyphus pulcher, and are also sought after by sport divers. 
Ca nc.er sp. (rock crabs). Rock crabs are scavengers and predators found 
17
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in rocky crevices, under ledges, and in open sandy areas. During the breeding 
season, January through August, these crabs congregated at 5MBAR I the ovigerous 
females apparently seeking the shelter of the rocky areas (Turner>. The juvenile 
crabs were reported to be especially important food items for sculpin I sand bass I 
kelp bass, and other fishes. Large numbers of adult crabs were observed at PAR 
during night dives made in December 1981. Juvenile crabs were frequently 
observed under cobbles. This pepulation represents a potentially valuable 
fishery resource. 
Panulirus interruptu5 <California spiny lobster>. Lobsters inhabit 
caves and ledges in roclcy areas, seavenging nocturnally on snails, worms, and 
algae. Mass seasanal migratians of lobsters away from 5MBAR occurred in Mareh 
<Turner) . Factors affecting migrations to and from reef areas include foed 
availability I water c.onditions, and reproductive cycles. Lobst~rs were first 
noted at PAR in December 1980. Observations made during survey and transplant 
work in 1981-82 indicated that the population of this valuable resource spec.ies 
was increasing. Commercial lobster fishermen working PAR tar the past two 
seasons have reported fair catc.hes (Figure 5). 
Pisaster giganteus 1 P. brevispinus 1 and Patiria. miniata (sea stars). 
These three species of sea stars occurred on both rocky and sandy habitats. The 
juveniles af L miniata commonly shelter under roc.ks. AIl are voracious 
feeders, preying on barnacles, polychaetes, and mollusks. Low, stable 
populations of Pisaster spp. oc.curred on PAR in 1981-82. (Figure 6). L 
miniata initially observed only rarely I has been encountered with inc.reasingI 
frequency over the past 2 years. 
Crepipatella lingulata (half slipper snail). This snail reaches a 
maximum size of approximately 25 mm. and wa.s frequently observed on 5MBAR. It 
was first noted by CDF&G at PAR in August 1981. They were probably present prior 
to that time, out went unobserved because they were often concealed by a covering 
18
 
of L argilla. Densities of L lingulata are eKtremely high on many areas of 
the reef particularly iower protiles. ~-'- lingulata is an important food item 
for many invertebrates and fishes. 
Diopatra ornata <ornate tube worm). This sand dwelling polychaete, 
common ~n sandy intermodular areas at PAR, constructs tubes using shell fragments 
and drift algae. Algae incorporated into DioRa tr a tubes at PAR included: 
CalIophvlIis spp., Desmarestia sp., Egregia sp., Gigartina spp. I Laminar ia 
sp. I l1~ystis sp. I and Pterygophora californica. Macrocystis plants are 
.. 
k:nown to germinate upon .Q-,­ orna ta tubes eventual1y attaching to surrounding 
substrate. Occurrence cf Diopatra could be an important factor in encouraging 
algal colonization on PAR. 
.. 
....
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Figure 5. California spiny lobsters - PanuZirus interruptus 
in commercial trap at PAR. 
'~re 6.	 Short spinned seastar ­ ~igure 7. Female sheephead ­
~aster brevispinis. Semí.cossyphus ~tahsr 
feeding on	 PAR. 
FrSH OBSER'v'ATIQ.,tm. 
Preparations Cor testing several quantitative fish population assessment 
techniques were begun i:l summer l. 982, hc>we'¡er, due to statfing problems I we Wi::re 
forced to set pn.odties for .::C'nclucting the t<.\éik.:: that were mo!:t pertinent to 
bioenhancement effods and monitoring of biotk changes. Qllalitative 
observations of fish assc?mblages a.nó behavior at PAR were conducted whenever 
possiblt=.. Size rang~s pres!:nttd are based on estimates made during tie!d 
observations. 
Our observations s'.!ggest that fish densities on PAR were far higher than 
those on nat.ural reefs in the area. These observations Wi:re substanti<>.ted by 
.. 
fish surveys conducted by LOSL during 1981-62. 
ror perposes of discuss!C-:l we ha ve utihzed a fish classification schellle 
devised by Turner I CO'lrt, ar.d Given (1969) t·) de·$c.r.ibe the association of fishes 
... 
to reef biotopes in their stuc!ie:=; of Santa Monica B<:.y Artificial Reef: (SNBAR). 
Reef-aS50ciated fishes utilized the reef for one or fllore of their life process, 
i. e., !eeding. shelter, vr spawning. Reef a.ssociated species were further 
divided into resldent and semi-I'esicient forms. R~sidents were those species 
whose life processas were intim;¡tely aS50ciated with reels. They were 
essentially ncn-migratory I cften sedent;¡.ry fiE:h.es that relied entirely upon reefs 
tor protec:tion, food, a.nd spalh'ning ha.bit.:3.t. Semi-resident fishes were those 
whose relationship to +~" r~,",f \013.5 v~ria.ble. They were often migratory, 
i"'lt.Zl.f~H·:,,'": !.~:_ ....ef periodically, and did not necessarily depend on the reef for 
lite processes. Non-reef associated tishes were pelagic 'Or benthic forms tha.t 
were incidenta.lly associated with artificial reef'5 and whose predator-prey 
re!a.tionships	 were not rela.ted to reef biotopes. 
Thirty species of fishes representing 17 falnilies have been observed at 
PAR since its construction in fal! 19130 (AppendiK 6). Twenty 5~e ;.;25 were 
..
 
21
 
observed in the first year, 16 were reef associated species including 11 
semi-resident and five residents. Ten new fish species were observed at in 
1981-82. These included six reef associated species, of which two were 
semi-resident and four were resident forms (Appendix 5). 
Of the many species of fishes present at PAR, severaI are especially 
important in terms of numbers, behavior, ecologicaI role I or resource value. The 
most conspicuous and abundant reef-associated fishes included semi-residents such 
as kelp bass and barred sand bass i Par al ab r aH c la th r a t u s and L n eb uI if er j 
sheephead, Semicossyphus pulcher j black surfperch, Embiotoca jacksoni¡ 
haIfmoon, Medialuna ca!iforniensisj and opa!eye, Girel!a nigricans. Important 
resident species included Iarge schools of blacksmith, Chromis punctipinnisj as 
.. 
well as garibaldi, Hypsypops rubicundus. 
Selected Species Discussion 
Reef Associated Fishes: 
Semi-resident Species· 
.. 
Paralabrax c1athratlJs <kelp bass) These were among the first 
inhabitants of PAR, appearing only hours alter its construction. Fishes ranging 
from 10 to over 40 cm in length, have been observed at the reef. Young fishes 
were seen throughout the year and were commonly associated with cobble substrate 
but showed no obvious relief preferences. They also exhibited territorial 
behavior, driving away other young Ic:elp bass that approclched too closely. Larger 
.. 
fishes were more common in spring and faH and appeareó to prefer Iower relief 
strata. Feeding behavior was never observed on PAR except when the substrate was 
disturbed exposing or disloging food items such as polychaetes I barnacles, and 
other crustaceans. Following Macrocystis transplanting operations, Ic:elp bass 
and other fishes frequentIy moved upwards in the water column, orienting to the 
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frond':; of newly placed kelp. I:arly studies sugg",sted that densities of kelp bass 
on PAR were quite high. They WHe reported by LOSL (1982) to be two to three 
times thost! al L~s Pulgas Reef (LPR) and 2 to 60 tlmes those at San Or:ofre Kelp ... 
(SOK) , 
. Par aIaÓ'ra" n eb uI ir er (barred sand bass) This important sport species 
was obse;-ved a.t PAR shortly after cQnstruction c[ the first modules. Large 
numbers of young fishes, ranging irom 7 to 25 cm. inhabited PAR throughout most 
of the year. Larger fishes. ranging from 30 to 46 cm. were common in winter and .. 
spring months. Nearly a11 barred 5<.nd basses oriented themselves near sand-rock 
interfaces. Fe~'" were observed aboye 5 ft depth contours. Feeding activities of 
barred sand ba.ss have not been observed at PAn; however, food items are reported 
by F·:der. Turner, and Limbaugh (1974) to include amphipods, crabs. and octopus, 
aH abundant on FAR. Remains of midshipman. Porichthys sp., were found in the 
stomach contents of several large barred sand basses c.ol1ected in summer 1982. ... 
S ero ícossy oh us pu le: he r (sheephead) The first individuals of this 
important resouece species, primarily females 20 to 30 cm in Iength. were noted .. 
approximately 1 ".'0 2 months after completion of the reef (Figure 7). Small 
males were obse::-""ed more c.ommonly the second Y"'3.r. The first juveniles, 
approximately S cm. in length, were noted in faU 1981. Although adult sheephead ... 
showed no particular s'Jbstrate or relief preferences on PAR, juveniles appeared 
to be assoc.iated ~",ith areas d nlixedcobble/boulder substrate. Larger fishes 
were c.ommonly observed to feed 'Jpon Balanus spp. Typical food items reportedly .. 
include ectoproc.ts, tube dwelling polyc.haetes, barnac.les, c.rabs, clams, mussels. 
snails, and ocb;)pi. Sheephead also feed upon sea urchins. Their presence in 
sufficiently hiqh densities on PAR may retard establishment of sea urchins on the 
reef. 
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Ero bi ot oc a. j 3C ks on i <black surfperc.h) Black sur fperch were comrilon a. t 
both 5MBAR (Turner 1969) and at PAR. They were observed the day following 
insta.llation of the first PAR modules and occurred year around since then. They 
ranged in Iength from 20 to 25 cm. This species generally remained close to the 
modules exhibiting no preference for any particular relief stratum. They 
commonly foraged upon small epibenthic invertebrates (Figure 8). Food items a.re 
reported te include polychaete wo.rms, ectoprocts, moIlusks, barnacles I and other 
crustaceans <Feder ibid. I and Turner ibid.). Foraging activities of this species 
appear te disrupt epibenthos and may affect successional development on PAR. 
TurrLer reports that bla.ck surfperch are preyed upon by Pacific electric rays I 
Torpedo californica J in central California. This may I in part, account for 
frequent sitings of rays adjacent to the reef. 
Media.luna californiensis (halfmoon) A good food fish, this species is 
abundant at PAR throughout the year. Most individuals ranged from 20 to 30 cm in 
length. Schools of halfmoon were often observed feeding upon blades of 
transplanted Mac.rocystis. They also foraged individually among boulders on 
upper and middle relief protiles of the reef, p05sibly upon red I green, and brown 
algae, ectoprocts and crustaceans, al! af which are reported by Feder to beI 
c.ommon food items. Our obseJ:vations at PAR suggested that they also a.te athecate 
hydroids; strawberry anemones, Corynactis californica¡ and possibly 
Cryptoarachnidium argilla. The abundance af this species and its preference tor 
Macrocystis have been among the majar obstacles in establishing giant kelp and 
other foliose vegetation on PAR. However, their epibenthic. fora.ging may be a 
factor in controlling L argilla . 
. Girella nigric.ans <opaleye) This abundant species is generally 
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asso-cjate:j with rocky nea.::shvre habitats in 50uthern California, It could 
provide the basis for a suitable fishery if adequa.te fishing methods were devised 
(Feder>. Opaleye at PAR ranr;ed trom 20 to 35 cm in length. They have been very 
abundant at PAR since its c.or..struction. rood h2,bit sttldies conducted by cor&G 
(unpublished) at Santa Catalina IsIand suggf:st that adults teed heavily upon 
.... 
1'l aC.ro cy sU s They s2emed to prefer blades epiphytized by Mero br an ip or a, and 
Spi~orbis but would 0.150 take unepiphytized blades. reder reported that tood 
preferences of opaleye included red, green, and brown algae, ectoprocts, and tube 
dwelling polychaetes. Similarly to halfmoon, opaleye caused considerable grazing 
da..mage to transpla.nted Ma cr oc ysti 5 and their offspring. Opaleye were observed 
to forage on small epibenthic invertebrates anc foliose red algae in upper relief 
profiles. 
Scorpaenichthys. ~9rat'JS <cabezon) These excellent food fishes were 
•
oc.ca.sionally observed at PAR in the fa.ll months, However, they could not be 
described as common and were, Hkewise, uncommon a't 5MBAR studied by Turner. 
Individuals were approRimately 0.3 m in length. They were sedentary and c!osely 
.. 
associated with substrate en middle and upper relief profiles. One fish was 
observed nesting on mixed cobblelboulder subst:rate at PAR in December 1981 
(Figure 9). Small juveniles were observed on PAR in summer 1982. The presence 
of cabezon could have a significant impact on reef biota due to their voracious 
feeding habits. They are reported to eat crabs and small fishes <reder). Their 
pl:esence may have affected the suceess of abalone outplantings. 
S corpaena. gu tt a.t a <seulpin) Sculpins are frequently observed in sport 
and com11lercial ca.tehes. These sedentary fishes were commonly observed at PAR 
inhabiting erevices in boulder dominated areas. No obvious preferences for any 
pa.rticular relief profiles were noted. Turner reported that these fishes 
..
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remained on 5MBAR throughout most of the year, the Iarger fishes migrating 
offshore for S to 6 weeks in summer to breed. Crabs I shrimp I octopus I squid I and 
fishes are typical dietary iteros (Feder ibid. J and Turner ibid.). 
Damalichthys vacca (pile surfperch> This species was abundant at PAR. 
Sizes ranged from 17 to 25 cm. Sub-adults were solitary while adults commonly 
schooled a.bove or adjacent to modules. Pile surfperch are reported to forage 
upon a wide variety of food iteros.· Larger individuals I greater than 36 cm in 
length, feed upon oc.topi I crabs I and shrimps whíle smaller fishes feed upon 
amphipods I sma.ll crabs I worms, ectoprocts, mU5sels I and minute snails <Turner). 
Most of these forage items were abundant at PAR, particularly on cobble 
substrate. 
S tereolepis ~ (giant sea oass) Uncommon off southern California I 
two of these fishes were observed at PAR in 1982. The largest individual was 
estimated to be 0.6 m in length. They reportedly feed on spiny lobsters and 
small fishes, Doth common at PAR <Feder). 
Anisotremus davidsonii (sargo) SmalI schools of these fishes were 
first observed at PAR in the fa.ll of 1980 shortly after construction of the reef. 
They have been seen intermittantly since that time. They are reported to feed 
upon ectoprocts I smaII crustaceans, and molluslcs. 
Family Labridae (wrasses) Two wrasses, other than sheephead, were 
observed at PAR in 1982. These were the senorita, Oxyjulis ca,lifornica and the 
rack wrasse Halichoeres semicinctus. Though common on LP.R, these spec.ies were 
rare at PAR having been observed on only two occasions. Both species were 
reported to be uncommon at 5MBAR. Senoritas are mic.rocarnivores consuming small 
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pelagk, epibenthic, epiphytic, .3.nd parasitic forms. Specitic tood items were 
reported to include wor:ns, ectoprocts, crustaceans, small molluska, and larva! 
fisnes. Rock \'\'rasses are reported to teed upon small cl'ustaceans and mollusks 
<Feder) . 
.. 
• 
.. 
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" 
Figure 8.	 Black surfperch ­ Figure la. Garibaldi - Hypsypops 
Embiotoaa jaaksonii rubiaundus. 
feeding on	 PAR. 
" 
Figure 9. Cabezon - S~i"hthYB nnrmoratus ­
with eggs, at PAR. 
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Chromis punctipJpnis (bl¿,c.ksmith) This species is r.eported to be an 
eKceI1ent tood fish, though 5eldom caught by hook-and-line because of its small 
mouth and feeding habits. Blac.ksmith of aI1 size c.Iasses were abundant on PAR, 
from b!C(.'¡~;:ed juveniles, approximatE:1y 3 cm in lengt:h, to 22 cm aduIts. This 
species was oíten observed schooling on up-c'Jrrent ends oí modules or in loose 
aggregations among fronds oi transpl3.ntad Macr ocystis where they fed upon 
... 
planktoni.c organisms.. Feder r¿ported that young fishesfeed on small 
crustaeeans, sueh as mysids and amphipods, and juvenile squid. It is 
hypothesized that your'.g blacksmith may also feed on pluteus larvae of sea 
utehins, thus their presenee may indireetly favor stability of future kelp stands 
at PAR by helping to suppress sea urchin recruitment there. Although we have not 
observed nesting of blac!:smith on PAR, the numerous rocky crevices afforded by 
mixed ccbble/boulder areas should satisfy habitat requirements for both nesting 
aduIts and sub-adult fishes. 
.. 
Hypsypops rubicur:clus (garibaldi> The first individuals observed at PAR 
were adults. They were seen approximately 1 to 1 1/2 months following completion 
of the Reef and have been observed consistently since that time. Caribaldi on 
PAR ranged from 8 to 25 cm in length (Figure 10). Nes\ing adults were commonly 
observed on upper and middle relief profiles in August 1981. Several juvenile 
';:.r~bi'l..\di ,.·~"e observed in summer 1982, possibly offspring of adults seen nesting 
.. 
the previous year.. Garibaldi were reported to forage on a wide variety of food 
items extant on PAR including sea anemones, ectoprocts, algae, worms, small 
erabs, and amphipods <Feder).. This species was not observed by Turner on 5MBAR 
possibly because of its preference for shallower waters.. Clarke (1970) suggests 
that increasing numbers of these highly territorial resident fishes could drive 
..
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sem.:.i-residents away from reefs in defense of their nesting territories. 
Seha.stes spp. (rockfishes) Three species of Sebastes, .2...... auriculatus, 
thebrov.m rockfish; .2.-... serríceps.L. the treefish; and S. atrovirens, the kelp 
rc-cJ::fish, were observed at PAR for the first time in spr ing and !aIl 1981. None 
wa.'s abundant o IndividuaIs of aH three species are solitary, sedentary, crevice 
dweIling fishes preferring intermediate sized crevices afforded by boulders of 
various sizes. They showed no particular preference with respect to relief 
pro'file. Feder reported food ítems of the kelp rockfish incIuded small fishes, 
ana crustaceans such as shrimp and crabs, aIl common on PAR. 
Miscellaneous Resident Species 
Family Gobiidae (gobies) These incIuded three species, Lythrypnus 
zebra, the zebra gooy; L dalli I the bluebanded goby; and Coryphopteris 
nic.h 01 si i , the blackeye goby. AH were smaIl fishes Iess than 7 cm in Iength. 
·Zebra gobies were seen infrequentIyo Though oiten seen individuaIly I bluebanded 
qobies were observed to aggregate in groups of approximately 20 fish per square 
meter during summer months. Both species of Lythrypnus were more common in the 
middle and bottom relief profiles o The number of blaclceye gobies appeared to be 
increasing at PAR. They were most common in the rock/sand interfaces along the 
bases of modules o The bluebanded goby is reported to be omnivorous, feeding 
primarily on planlcton and amphipods (Feder). The feeding habits of the zebra 
goby are probaoly similar to those of the bluebanded 90by. 
Qxylebi us pict us <painted greenling) These solitaryfishes reach 30 cm 
in lengtb, but those oseen at PAR ranged from 10 to 15 cm long. They were first 
observed on the Reef in rocky crevices during spring 1981 and have not been seen 
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since that time. 
..
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Non-RE'ef AS50ciated ~ishes 
Benthic Species 
.I.Q.rped...Q.. ca!ifornica <Pacific electric ray) This species , has no direct 
value as a fishery resource and is currently uncommon at PAR. Electric rays 
between 0.6 and !. O m in diameter were first observed on the Reef shortly after 
its completion and have been seen. interluittantly in falI and winter months. They 
were usually within approximately 3. O m of the modules and were oiten partiaIly 
buried in the sand. Electric ra.ys a.re reported to feed upon halibut, blacksmith I 
Icelp bass, and other bottom dwelling fishes and may be attracted to the Reef by 
an abundance of these prey species. 
I 
Phanerodon turca tus <white surfperch) This species, taken commercially 
off northern California I is reported to be ubiquitous in the lit toral zone and 
was the third most frequently observed fish species at 5MBAR. Individuals 
observed at PAR ranged from 15 to 24 cm in length. W'hite surfperch were observed 
hours after completion of the first reef modules, and have been seen during 
nearly all diving operations since then. Turner c.lassified white surfperc.h as 
benthic non-reef associated fishes because of their feeding habits and close 
association with sandy bottoms. They were reported to feed upon small snails, 
Epitoneum 1 and ectoprocts. At PAR loose aggregations of white surfperch were 
observed foraging over both sandy intermodular areas and rocky substrate. 
Genyonemus lineatus <white croaker) These fish are usually found in 
loose aggregations above or near sandy substrate (Baxter, 1980): White croakers, 
approximately 30 cm in length I were first noted at PAR in June 1982. They have 
been observed occasionally since that time. Turner never saw this species 
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underwater on Sl'1BAR but repQrted that they were taken in 5ubstantial numbers irom 
the area by hook-and-liae fishermton. \Jhlte croaker :;.re 1:"e.ported to feed upon a 
variety of fishes I squic, shI'imp, octopi,' '",orms, sma,ll crabs I and clams. They 
are, in turn, fed upon by halibut and black sea bass. 
Para!ichthys .f:..?.JiÜ'Ll]ict!~ (California halibut) A highly pri1:ed 
sportfisr.. and el. v;"luable-:oíllJ".lerciaI 5;>ecies, California halib'Jt were iound at 
PAR before inst.altaticn of 3011 moduies was cotapleted. !ndi... iduals have been 
observed interm.ittantly since that. ti:n~. Most were in excess oi 56 cm in length, 
the minimum le-gal size linit. They are normal1y observed resting on sandy 
substrate I howevi!r. at PAR I we have Eeen these fish on at le-ast three occasions, 
resting on horizontal .bou!.óer 5urfa.;::e-:; 3 m aboye their n.ormal habitat. Halibut 
are reported to feed upon squid a::!d smali fisr.es <Feder). The ¡atter are 
abundant at PAR. Halibut are reported lo be e·lten by Pac"'fic E1ec.tric Ia.ys. 
... 
... 
Fleu ronich tl1.~ ~.D...Q.?..Y.2.. (C -O turbot) Ano'ther flatfish I desired by 
spearfishermen, a e-o turbot was observed in tal! 1981 on s;andy. substrate within 
approxima.tely 2 ro of a module. 
.. 
• 
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Pelagic Spec.ies 
Trachurus symmetric:us (jack mackerel) A commonly harvested sport and 
commercial species I schools of this pelagic fish were observed moving through the 
Reef area on two occasions. These fishes were probably of little importance to 
reef biota due to their infrequent occurrence. 
Cheilotrema 5-:iturnum (black c.roaker> This spec.ies is rarely taken by 
hooI<-and-line fishermen but is occasionally speared by sport divers. Schools of 
approximately lOte 40 fishes, composed of individuals 20 te 25 cm in length, 
were first observed at PAR in May 1981. Black croaker normally frequent crevices 
and c.aves, but at PAR they were also observed in tight schools at middle relief 
profiles close to the substrate. They reportedly feed on crabs I shrimps, and 
amphipods (Feder). 
Family Balistidae (triggerfish) Triggerfish were observed at PAR on two 
occasions in falI 1981, and fall of 1982. The first fish was sighted over the 
Reef in open water I approximately 15 feet below the surface. The second sighting 
occurred in a large crevice in the middle relief profile of one of the modules. 
Both fishes were quite timid I moving rapidly away to a void divers. 
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-ºISCUp5ION OF PHY5ICl'.L FACTORS IN REEF OESICN 
Environmental iactors that ¡nay contribute to the abundance and 
distribution of organisms on PAR include substrate type and c.onfiguration I 
vertical relief. qUé:.ntity and quality of light I teroperature regimes I surge 
conditions I current patterns scouring action I as well as the presence Ol:" absenceI 
of competing OI:" predaceous organisms. 
Biota as ReIated to Su!:-strate T.Y.lllt 
The lhree most common algal taxa recorded in RPC studies were more 
abundant on boulc;'er than on cobble S1,¡bEtrate <Table 3 I Figure 3). This 
phenomenon is not clearly understood. However I it may be partially cKplainEd by 
lile fae! that the upper relief profiles, with greater light intensities I had 
suústcmtially greater p2rcent covers of boulder than cobble substrate (Table 1, 
Figure 1>. AIgae ma.y 0.150 survive on open boulder 5urfac.es where, due to the 
lack vf protection from predators I roany epibenthic invertebrates cannot. 
Likewise abundance of algae may be limited in cobble areas where they must 
compete for space with aS51)c.iated invertebrates. 
Cobble substrate may have roodified ""aler flow characteristic.s, c.reating 
.. 
low energy areas lhat allowed tor settling of algal spores and larval 
invertebrates. Close apposition of cobble surfaces formed cracks and crevices 
that provided protec.tive habitat useable by many sroaller invertebrate spec.ies, 
i. e., erect and enc.rusting ectoprocts I polychaetes, shrimp, and crabs. Fishes 
found in close assoc.iation with crevices included many resident spec.ies such as 
gobie~ and damselfishes and semi-residents such as sculpin and j 1.lvenile basses. 
Without such shelter these organisms would have little protection fromI 
predators, or trom strong water movements. Medium sized caves I crevices I and 
..
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ledges were often formed by combinations of cobbles and boulders. These areas 
were frequently inhabited by adult rock scal1ops, crabs, octopi, and intermediate 
sized fishes including cabezon. Boulder doroinatec! areas, had larger interstitial 
spaces whic.h provided habitat suitable for larger invertebrates and fishes, 
including lobster, rockfishes, and sheephead. The relatively still waters found 
in caves and crevices in areas of large boulders provided habitat for more 
delicate invertebrates intolerant of strong water movements. Boulders provided 
nesting habitat for garibaldis. 
Biota as ReIated to Relief 
Of the nine taxa discussed in the RPC studies, onIy four showed any 
significant difference in percent cover with respect to relief profiles . These 
were live BaIanus spp., erect ectoprocts, Ect ocarous / and algaI turf. Balanus 
spp. and erect ectoproe:ts were greatest in percent cover at the middle relief 
profiles. The reason for this is unclear but couId bere1ated to the relative 
. abundance of cobble substrate at this level. Certain fishes were observed more 
frequentIy in middle relief profiles, perhaps attracted by concentrations of 
forage species and protected habitat. Both Ectocarpus and alga1 turf were 
significantIy more common on the top profiles where light intensities were 
greatest (TabIe 2, Figure 2). Lower light levels and persistence of sediments on 
otherwise suitabIe substrate probably limited a1gal growth in Iower relief 
profiles especially following extended periods of heavy rain or rough seas. 
Biota as ReIated to Modules 
OnIy two of the nine taxa reported from RPC studies showed significant 
differences in perc.ent cover between modules studied. These were BaIanus spp. 
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and erect cctoprocts. 80th taK<'. "Jere more abundant on modules with the gIeatest 
percent cover of cobble substrate, Uumbers 1 and 8 ~T3ble 3). 
.. 
•.
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DIOMANIPULATION AND MANAGEMI:NT 
~acrocystis_ 
In the past year much of our effort was directed towards establishing 
giant kelp, Macrocystis, on PAR o Habitat diversity would be enhanced by its 
presence It provides shelter and forage for numerous fishes and inverlebrates,o 
omany of dired importance to both sport and commercial fisheries Furthermore, 
certain organisms are found only in association with kelp o Marine scientists 
have identified over 700 species of fishes and invertebrates that live in the 
kelp forests of southern California Bare rocky bottom habitats will supporto 
upwards of 100 pounds of fish per acre, while kelp bed habitat will support a 
standing crop of 300 pounds of fish per acre or more (Quast, 1978) o 
Marine life associated with Macrocystis forests is the basis for 
important sport and commercial fisheries in California o The overall amenities 
indirectly provided by kelp forest habitat are difficult to determine in terms of 
" dollars and cents However, the commercial value of ~acrocystis, as a source ofo 
algin, is more obvious Over 154,000 metric tons of giant kelp are harvestedo 
from California wa ters each year at a value in eKcess of $35,000,000 o 
Techniques for re-establishing Ma cr oc ys ti s in areas where kelp beds 
formerly existed are well documented by North (1973), McPeak (1977), and "'ilson 
(1978) o In such operations, adult Macrocystis plants were translocated to 
restoration siles from healthy kelp beds nearby, to provide a source of spores 
for germination of new plants. They 0.150 supplied biomass to overcome grazing 
pressure on kelp transplants and their offsprOing by herbivorous species Theseo 
methods were utilized to establish small stands of Macrocystis from which larger 
beds grew, eventually leading to the re-establishment of 283 ha. of kelp ca.nopy 
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off Palos Verdes Peninsula and ccntributing to the return of kelp focests off Pt. 
Loma. The S'JCCeS5 of these operations led us to undertake a similar approach at 
PAR. 
.tl.il~ystis E5tablishment Efforts at PAR 
Macrocystis plants l,olere col1ec.ted frora Abalone Cove, in Los Angeles 
County I and from San Mateo Kelp(SMK) bed in San Diego County. Most 
ta!cen from the SMK bE:d which liE:5 approximately 7 kilometers northwest 
plants were 
oi PAR 
.. 
(Appendix 7). The majority of our kelp transplanting operations wer~ 
accomplished using the pDject ve~sel BLACKSMITH with a contingent oi two to 
tht'ee divers and one or two surface personne!. The De-partment's 92 foot research 
.. 
vessel I KELP BA5S I was used for large scale lcelp tran:;planting operations in 
adober 1981 and March 1982. 
divers. The operations were 
It provided us with a 
eondudad as follows: 
larger working platform for 
holdfasts were gently pried 
.. 
from the sUDstrate and plants hauled aboard a wock vessel for translocation to 
PAR. "'hile enroute, kelp plants were maintained under a continuous now of fresn 
sea\'Jater to prevent dessication (Figure 11). Tlleir holdfasts were prepared for 
attachment to the reef. Juvenile and small adult- plants I 0.2 to 3 _6 m in 
length I were prepared by fitting their holdfasts with circlets of automobile tire 
in'nertube (Figure 12 I 13). Divers then secured plants firmly to the substrate by .. 
stretching the circ1ets around rocks (Figure 14 I 15 I 16). Prior to attachment I 
rocJes were c1eaned with a sUff wire 
interfere with hapteral attachment. 
brush to remove organisms which could 
Larger adult plants '. 3.7 to 22.5 m in . " 
length, were aIso transpIanted to reduce fish grazing pressure on juvenile plants 
and to provide a greater sourCE: of spores for lcelp recruitment. These large 
plants were attached to heavy weight anchor chains ,ito 4 meters in Iength, .­
which had been previously placed on I or adjacent to modules. Holdfasts 28 to 70 
..
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Figure 12. Diver biolo-o 
gists preparing juvenile 
Macrocystis planta for 
attachment to PAR.
-----.­
• 
Figure 11. Nacro~~Btis 
in bags aboard RV" KELP 
BASS, being maintained 
by fresh seawater. 
~ 
Figure 13. Macrocystis 
plant prepared with 
circlet of innertube. 
lO 
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Figur. 14. DlYers 
attaching Nac7ocya'i;¡ 
planta to PAa. 
l••Figure 15. .......
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cm in diameter were laced with 6 mm braided nylon line, tied to PVC crosses I 
which were in turn tied to the c.hain with 0.6 to 1.2 m lines. This allowed the 
plants to float ahove the substrate thus lessening the chances that planls would 
be chaffed· against rocks by surge action. The technique was modified for very 
large plants. Floats were added to the PVC crosses and nylon net material was 
wrapped around the holdfast/float assemblies to provide additional buoyancy for 
the plants (Figure 17). 
During kelp transplanting operations we obtained the assistance of divers 
from State Parks and Recreation, U. S. Fish and \tlildlife Service, Sc.ripps 
Institute of Oceanography I and other cor&G personnel. A total of 23 work days, 
(J16 man days) was spent transplanting kelp in 1981-82. 
In October 1981 over 360 juvenile plants were transplanted to the reef. 
Survivorship was negligible primarily due to severe fish grazing pressure. Other 
factors which may have hindered plant survival included water turbidity, 
prolonged periods of warm water, and heavy epiphytic enc.rustation of plant 
bIades. Results of initia! transplanting operations suggested that. a greater 
amount of plant biomass would be required to establish Macrocystis on PAR. In 
December 1981, we began transplanting large adult plants, lS to 20 m in length I 
with significantly greater biomass than those used in earlier operations 
(Appendix 7). Accumulated plant biomass was still insufficient, and 
deterioration of these paralleled that of the smal1er plants, but occurred over a 
longer period of time. 
Ve are currently developing and implementing new techniques to increase 
tra.nsplanting efficiency. One sueh method is the mass planting of self anehoring 
Jcelp, Macrocystis angustifolia. This technique was developed for use with 
giant ~elp by Neushul Mariculture I Inc. of Sa.nta Barba.ra. The term "self 
anchoring U refers to the fact that divers need not attach theplants to the 
substrate. Instead, holdfasts are secured to gravel-filled bags; the plants a.nd 
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bags a.re then off-Ioaded ontQ ':obble-sand areas of the reef where, in time, they 
anchor thero.selves naturally (Figure 18). This technique will eliminate the need 
..tor diving to secure the kelp at the tr.msplant site allowing ro.a~dmuro. dive time 
to be expended collecting greater nuro.bers ol plants. 
Other technicpes being considered include tnnsplanting the holdfasts and 
sporophyll blades froro. adult plants or seeding the reef direc:.t1y with spores or 
gametophytes cultured in the laboratory. 80th l:echniques, if successful, would 
seed modules with tremendous nuro.bers of juvenile plants. 
..
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FIGURE 17. Maarocystis transplant attached to reef using holdfast float 
assembly and anchor chain. 
Kelp Plant 
Kelp holdfast with float 
assembly, wrapped in 
nylon mesh net 
material 
Float assembly 
cross 
3.to 4 ft:anchor line~ 
Buoy float 
material 
18" 
Reef Substrate 
Anchor chain 
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FIGURE 18. Macroc:yst·i.s transplant. ut11izi.ng self anchoring plalltlng 
technj.que.. 
Cobble/Sand Substrate 
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Abalone 
Abalone are an especially important marine resourc.e, valuable both 
c.ommercially and rec.reationally. Populations of abalones in California have 
decIined for several reasons inc.luding heavy human use, enc.roac.hment by sea 
otters, and deteriorationof habitat. These animals are slow growing and have 
spec.ific. habitat and food requirements that c.hange through maturity. 
One of our primary objec.tives in the construc.tion of PAR was to design an 
artificial reef to enhance the marine environment by providing habitat equal to 
or better than that oc.curring on natural reefs. As part of PAR's design, modules 
of different substrate types were built to determine the feasibility of 
,. 
construc.ting artific.ial r.abitats suitable for adult and juvenile aba1one. 
Abalone Outplant Efforts 
SCE provided approximately 20,000 juvenile red abalone, Ha liotis 
rufesc.ens, raised at their Redondo Beac.h aquac.ulture fac.ility, for outp1anting 
at PAR. Fie1d operations began in July 1981 when a pilot outplanting ef 825 
juvenile abalone ranging from 12-42 mm shell diam,eter (Figure 19) was conducted 
on Module S. This first group of abalone was hand placed individually onto 
cobbles and rodes whic.h had been c.leaned of encrusting organisms with wire 
brushes to better enable the abalone to attac.h (Figure 20). Abalone were 
concealed in rocky crevic.es to protect them from predators. Their c.ondition and 
survivorship were subsequently noted. 
Results of the pilot studies were not enc.ouraging. After 5 months on1y a 
few abalone could be found. Of the individua1s that were relocated several had 
minimal new shell growth, however, most showed evidenc.e of tissue 10ss and 
erosion at the shell margino Empty andbroken shells were also found. Field 
observations suggested tna.t algal develepment on PAR was not sufiicient for 
sUPlival of abalone. Vegetation consisted predominately of low growing turf 
algae and scattered young Rhodymcnia plant5. 
Because of space limitations at the ser AbJ.lone Lab, it became necessary 
to outplant the remaining 19,281 animals in December 1981. Groups of 20 to 40 
. 
animals attached to large· oyster shells were received from the lab. Handling 
~ 
stress, as wel1 as diving time required to plAce abalone on the reef were reduced 
using this planting method. Divers p!ac€d the cyster shells on the reef in 
.. 
cryptic habitat (Figure 21). Due to an abundance of abalone predators including 
crabs, octopi, and certain fishes, we reduced the number of abalone per oyster 
shell in an effort to decrease their 5 TJSCeptability te predation. In spite of 
our precautions, these abalone did no better than those placed on PAR during the 
initial outplant. Predation and pi!.ucity of algal forage were likely toe major 
factors contributing to poor slJrvivorship. 
PAR has the physical pro?ertie;:¡ SlJito.ble for abalone habitat, i. e. 
abundant rocky crevices and good water rüoveIilent. H"owever, at this point in time, 
the reef lacks the vegetative cover necessary for protection and forage oí 
abalo:ne. Furthermore while red abalone '¡\fere c'Jtplanted onto PAR, the oceanic 
conditions were better suited to establishment of pink abalones. Pinks however, 
ha.ve not been successfully cultureJ in large numoe:rs in the laboratory and unUI 
successful cultivation of this species can be accomplished, furl:her outplantings 
of juvenile abalone wiU probably not be undertaken. Vle are cOTI.sidering the 
possibility of transplanting aduIt red and/or pink abalone5 onto PAR instead of 
juveniles since experiments in other areas s1Jggested that larger animals were 
less susceptible to predation and would immediately provide spawning stock. 
Further efforts to establish abalone at PAR will not be undertaken until 
..
vegetative cover is adequate to enhar:ce their chances for survival. 
Figure 19.	 Juveni1e red aba10ne - HaZiotis 
rufescens from SCE Culture Lab. 
,.~ 
, 
. Figure 20. Abalone being hand Figure 21. Group of aba10ne on 
p1anted at PAR. oyster she11 p1anted 
. {. at PAR . ~~t"
t'!Ir
-".2.k"·' .­
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f'lAINTENANC::: 
Maintronance responsibilities I alone I required do'Z.cns of hours of field 
time over the past year. The most time consumin·;¡ d t.hf:5l? efforts was 
maintainance of marker buoys. Modules needed to be m<:.rked to facilitate a11 
field operations. In order to accomplish this I t:.uoys and their anchors had to be 
constructed I placed I and maintained. On several occasions I ma rkers were damaged 
or removed by storm waves and heavy surge conditions req'Jiring their repIacement. 
Due to diver bottom time limitations at PAR we were often r~quired to devote 
entire days to maintE:!nanc.e efforts that could have been u:;ed for re5earch. 1'0 
save time in the future I we have requested that buoy rnaintenance be contracted to 
an outside vendor 50 that more of otTr time can be spent accomplishing research 
and management objectives. 
Our work aIso included preparatíon and maintenance of anchor chains used to 
tie down transplanted yelp I and lead lines used for transect st'ldi,:,s. Boat 
maintenance is a standard reqlJirement. The net.. project boat BLACK5MITH was an 
ideal work boat requiring only normal operating maintenance ana predicted 
outfitting work. ... 
.. 
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SUMMARY ANO DISCUSSION 
PAR was constructed in fall of 1980 to. determine the potentials of 
artificial reefs for mitigating damage to the nearshore ma!:ine environment due to 
industrial development. Studies were conducted to learn more about biotic 
succession on an artificial reef I determine the effec:tiveness of biomanipulation 
techniques and reef designs I and develop criteria for mitigation. Emphasis, thus 
far, has been plac:ed on documentation of epibenthic biota and toward 
biomanipulation efforts tha t inc:1ucted transplan tation of Ma cr oc ys ti 5 and 
outplanting of red abalone I Haliotis rufesc:ens. 
PAR's eight modules were constructed of quarry rocle. They averaged 36 m 
long, 20 m wide, and 4.5 m high, and were sepa.rated by intermodular distances of 
approximately 18 m. AH modules were constructed of boulders greater than 30 cm 
in diameter. Four of the modules received a topping of cobble sized roci::s 3 to 
30 cm in diameter. Module 3 was constructed almost entirely of large boulders 
(greater than 1 m in diameter). Oifferences in substrate composition were 
incorporated into modular design to study habitat characteristics of various rock 
types for reef dwelling species. 
Studies of epibenthic biota and comparisons with those at other 
artificial and natural reefs suggested that PAR is still in an early stage of 
biological development. Nine taxa were abundant enough on PAR to account for at 
least 1% cover on modules sampled. These inc:1uded six animal and three plant 
species or groups. The dominant sessile epibenthic invertebrates were 
Cryptoarachnidium argiIla, erect hydroids, Balanus spp. -alive, Balanus 
spp-dead, and both encrusting and erec:t ectoprocts. 
L argilla I a rapidly growing encrusting ectoproct, was the most 
abundant epibenthic organism on PAR. Its ecological role is not clearly 
understood. However, it competes with some organisms for space and may provide 
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habitat tor others. Hydroids, <1.nd both erect and encrusting ectoprocts were 
abundant anc! provided Íood for a ..... ide variety of fishes, particularly surfperches 
and gobies. 
Balanus spp., common on a11 modules, fi11ec at least two ecoh>gical 
roles. First, live barnacles were fed upon by sheephead ar.d black surfperch, and 
second, both dead and live barnacles provided substra te ior <lttachment of minute 
sessile epibenthic: biota. 
Several other less common species of epibenthic invertebrates were also 
deemed important on the basis of resource value or by virtue of their ecological 
role in the community structure. These were observed in 30m:l. band transeet:s and 
incluced: rock scal!.ops, rock crabs, California. spiny lobsters, abalone I sea. 
stars, and sea u.:-c.hins. Rock scallops were Ílourishing on PAR in 1931-1982 and 
should p:ovide toe basis for a substantial local recreational fishery in 2 to 3 
years. Coed recruitment ef red.: crabs observed on PAR in 1?82 ceu!d contribute 
to local commercial fisheries, and lobster populations have been contributing to 
the catches of local fishermen since the winter of 1980-81. One adult red 
abalone, Haliotis rufescens, z.pproximately 16 cm in length, was found at the 
..baEa. of Module 2 on 20 May, 1?82. It i5 possible that this animal could have 
been transported to the PAR by a drifting Macrocye<tis plant that became lodged 
at the base of the module. No other abalones have been seen at PAR, eKcept for 
the vutplanted juveniles. Low,' but relatively constant numbers of sea stars ha ve 
occupied PAR since shortly after completion of construction. One purple sea 
urchin, Strongylocentrotus purpuratus, II-Jas observed on Module 8 in May, 1982. 
Urchins commonly inhabit kelp holdfasts and this animal probably was int'roduced 
ant.o the reef during our April 1982 kelp transplanting eperations. Mur icea 
californica were fírs!:. observed on PAR in May 1982. At the time of this 
writing, populations of this gorgonian were increa.sing on lower relief prefiles. 
The largest índividuals were approximately 10 cm high. ""e estímate that it may 
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take another 6-8 years tor these young colonies to reach the size of those seen 
a.t Las Pulgas Reef (LPR) and SarTl Kelp. Other species of invertebrates on PAR I 
such as polychaetes I amphipods I ectoprocts I and sma.l1 mollusks I while not of 
direct importance as resource species, indirectly support fisheries and 
invertebrate stocks by contributing to their food supply. 
\,le have observed 30 species of fin fishes at PAR since its construction, 
10 of which were observed tor the first time between October 1981 and October 
1982 . The most important species, from a resource viewpoint I were kelp bass 1 
barred sand bas5 I and sheephead. LOSL reports densities of these species en PAR 
are 2-3 times those at LPR and 200-300 times those at San Onofre Kelp. Fishes 
such as opa.leye and halfmoon, both predominant!y heroivorous species, are also 
abundant on PAR. Damage to transplanted Macrocystis due to foraging af these 
two fishes I was largely responsible for the failure oí transplants to survive and 
reproduce on PAR. Observations ef intense foraging on turf biota by herbivorous 
fishes may profoundly affect development of epibenthic biota. 
The three dominant plant taRa on PAR, with respec.t to percent c.over I were 
Rhodymenia , a foliose red a.lga; Ectocarpus, a filamentous brown alga; and alga.l 
turf, a complex of minute red, brown , and green algae. Rhodymenia was the most 
abundant overstory alga. Other les5 common, out conspicuous foliose forros 
included Dictyota. flabellata and Gigartina sp. The most widespread understory 
alga.l forms I Ectocarpus and algal turf, were most abundant on upper relief 
prefiles where light intensity WGS greatest. Macrocystis 1 giant kelp, has not 
yet become established en PAR. 
In attempts to establish giant kelp on PAR, a total of 550 Macr·ocystis 
plants, ranging in length from 0.13 to 21.0 mi was transplanted to PAR during 
this report periodo Due to grazing damage , transplanted Macrocystis did not 
survive on PAR long enough to reproduce. More efficient transplanting techniques 
are being devised in an effort to accumulate the biomass necessary to overcome 
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the effec:ts oí kelp gr<'.zers. 
Hoping to establish a population oí red abalone on PAR, approximately 
20 f 000 juveniles- were transptanted in two outplanting o¡::..erations. Follow-up 
studies suggested that abalone did not do well. Lack of succeS5 was attribut~d 
to heavy predation and a paudty oí algal forage. Further attempts to establish 
abalone on PAR 1I-7i11 be considered only ¡¡!ter developmen.t of vegetation Is 
adequate to provide tood and protection. 
.. 
...
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APPENDIX 1.	 Invertebrate Taxa at Penclleton Artificial Reef 
Listed by Date of First Observatían. 
Taxa (species name) 
lo Megaba1anus ca1ifornicas 
2. Obelía sp. 
3. Pisaster brevispinus 
4. f!Y.Ptoarachnidium.~rgil1a 
5. Abietinaria sp. 
6. Pisaster 8iganteu~ 
7. Spirorbis sp. 
8. Membranipora sp. 
9. Panu1irus interruptus 
10. Stye1a montereyensis 
11. Aglaopheni~ struthionides 
12. Pododesmus cepio 
13. Chaetopterus variopedatu~ 
14. Costazia sp. 
15. Schizopore11a sp. 
16. Salmacina tribranchiata 
17. Loxorhynchus crispatus 
18. Dip1osoma macdona1di 
19. Cystodytes lobatus 
20. Dendrobeania laxa 
2I. Serpu10rbis squamiger~us 
22. Corynactis californica 
23. Tubu1aria crocea 
24. Octopus sp. 
25. Chelyosoma productum 
26. Mytilus sp. 
27. Crisia sp. 
28. Leuci11a nuttin~ 
29. Eudis ty lía .E-01ymorpha 
30. unidentified 
3I. Diopatra ornata_ 
32. Crepipate11a lingu1ata 
33. Hinnites .giganteus 
34. Serpu1a vermicu1aris 
35. unidentified 
36. Rlura haus tor 
37. Bugu1a sp. 
38. Plumularia sp. 
39. Diaperoecia ca1ifornica 
40. Lima hemphilli 
4lo Chama arcana 
42. Cel1eporariabrunnea 
43. Crisu1ipora oceidentalis 
44. Patiria miniata 
45. Caneer sp. 
46. unidentified 
Common name 
barnac1e 
theeate hydroid 
short-spined sea star 
encrusting ectoproct 
hydroid 
giant-spined sea star 
serpu1id worm 
eetoproct 
California spiny lobster 
sta1ked tunieate 
ostrich-plume hydroid 
aba10ne jingle 
parchment tube worm 
enerusting eetoproct 
encrusting ectoproet 
fragi1e tube worm 
masking crab 
colonial tunieate 
lobed tunieate 
enerusting ectoproct 
sca1ed worm shel1 
strawberry anemone 
hydroid' 
oetopus 
solitary tunicate 
mussel 
eetoproet 
urn sponge 
feather duster worm 
f1atworm 
ornate tube worm 
ha1f-s1ipper snai1 
rack sea110p 
p1ume worm 
hydroid 
solitary tunieate 
ectoproet 
thecate hydroid 
southern staghorn bryzoan 
file she11 
chama 
ectoproct 
eetoproct 
sea bat, bat star 
caneer crab 
eo1id nudibranch 
Date of first 
observatian
--,-­
9-17-80 
9-17-80 
9-17-S0 
10-17-80 
10-22-80 
ID-3D-SO 
12-11-80 
12-11-80 
12-12-S0 
1-16-81 
1-16-81 
1-16-81 
1-16-81 
1-16-81 
1-16'-81 
3-31-81 
3-31-81 
4-21-81 
4-21-81 
5-20-81 
5-20-·81 
5-20-81 
5-20-81 
5-20-81 
8-4-81 
8-4-S1 
8-4-81 
8-4-81 
8-5-81 
8-7-81 
8-10--81 
8-10-81 
8-10-81 
8-11-81 
8-11-81 
8-11-81 
8-13-S1 
8-13-81 
8-13-81 
8-13-81 
8-13-81 
8-13-81 
8-13-81 
8-14-81 
8-14-81 
8-14-81 
...
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Appendix 1.- continued 
Taxa(species name) 
47. unidentified shrimp 
48. Epiactis prolifera 
49. Anthopluera artemesi~ 
50. Pholadidae (family) 
51. Hydractinia sp. 
52. Reni11a kollikeri 
53. Pachycerianthus fimbria tus 
54. Strongylocentrotus purpuratus 
55. Lai1a cockerelli 
56. Maxwe11ia gema 
57. Lophogorgia chilensis 
58. Loxorhynchus grandis 
59. Haliotis rufescens 
60. Muricea californica 
61. Muricea sp. 
62. Tealia sp. 
63. HiEPolysmata californica 
64. Tha1amoporel1a sp. 
Cornmon name 
prolif~rating anemone 
moonglow anemone 
boring claro, piddock 
hydroid 
sea pansy 
tube anemone 
purple sea urchin 
COGkerell's nudibranch 
gem murex 
red gorgonian 
sheep crab 
red aba10ne 
California golden gorgonian 
gorgonian 
solitary anernone 
red rack shrimp 
erect ectoproct 
Date of first 
observation 
10-7-81 
11-10-81 
11-10-81 
11-11-81 
2-2-82 
2-3-82 
5-17-82 
5-17-82 
5-17-82 
5-17-82 
5-17-82 
5-17-82 
5-20-82 
5-21-82 
5-26-82 
8-3-82 
10-1-82 
10-1-82 
56 
APPENDIX 2. Invertebrata Taxa at Pendleton Artificial Reef Listed by Phyla 
(Including Locomotion, Feeding Habits and Date of First Observation) 
s=sessile ff=fi1terfeeder 
m-mot ile h=herbivore 
c=carnivore 
o=ornnivore 
Dale of First 
Phyllum and Taxa Locomotion Feeding Habit Observation 
PORIFERA 
Leucilla nuttingi s ff 8-4-81 
CNIDARIA 
.. 
1. Abietinaria sp. 
2. Aglaophenia struthionides 
3. Anthopleura artemesia 
4. Corynactis californica 
5. Epiactis prolifera 
6. Hydractinia sp. 
7. hydroid unidentified 
8. Lophogorgia chi1ensis 
9. Muricea ca1ifornica 
10. Muricea sp. 
11. Obelia sp. 
12. Pachycerianthus fimbriatus 
13. P1umular ia sp. 
14. Renilla kolIikeri 
15. Tealia sp. 
16. Tubularia crocea 
I 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
I 
ff 
ff 
ff 
ff 
ff 
ff 
ff 
ff 
ff 
ff 
ff 
ff 
ff 
ff 
ff 
ff 
10-22-80 
1-16-81 
11-10-81 
5-20-81 
11-10-81 
2­ 2-82 
8-11-81 
5-17-82 
5-21-82 
5-26-82 
9-17-80 
5-17-82 
8-13-81 
2­ 3-82 
8- 3-82 
5-20-81 
PLATYHELMINTHES 
flatworm unidentified 
ECTOPROCTA 
1. Bugula sp. 
2. Celleporaria brunnea 
3. Costazia s p. 
4. crisia sp. 
5. Crisuli1'ora occidentalis 
6. Cryptoarachnidium argilla 
7. Dendrobeania laxa 
8. Diaperoecia californica 
9. Membrani1'ora sp. 
10. Schizo1'orella S1'. 
11. Tha lamopare lla sp. 
m 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
-
c 
ff 
ff 
ff 
ff 
ff 
ff 
ff 
ff 
ff 
ff 
ff 
8-7-81 
8-13-81 
8-13-81 
1-16-81 
8- 4-81 
8-13-81 
10-17-80 
5-20-81 
8-13-81 
12.,...11-80 
1-16-81 
10­ 1-82 
.. 
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APPENDIX 2. (continued) 
.. 
Date of First 
Phy11um and Taxa Locomotion Feeding Habit Observation 
ANNELlDA 
1. Chaetopterus variopedatus s ff 1-16-81 
2. Diopatra ornata s ff 8-10-81 
3. Eudisty1ia po1ymorpha s ff 8- 5-81 
4. Sa 1mac ina tribranchiata s ff 3-31-81 
5. Serpu1a vermicu1aris s ff 8-11-81 
6. Spirorbis sp. s ff 12-11-80 
ARTHROPODA 
1. Cancer sp. m o 8-14-81 
2. Hippo1ysmata ca1ifornica m o 10- 1-82 
3. Loxorhynchus crispa tus m o 3-31-81 
4. . Loxorhynchus grand is m o 5-17-82 
5. Megaba1anus ca1ifornicas s ff 9-17-80 
6. Panu1irus interruptus m o 12-12-80 
7. shrimp unidentified m o 10­ 7-81 
-MOLLUSCA 
1. Chama arcana s ff 8-13-81 
2. Crepipate11a 1ingulata s ff 8-10-81 
3. Haliotis rufescens m h 5-20-82 
4. Hinnites giganteus s ff 8-10-81 
5. Laila cockerelli m e 5-17-82 
6. Lima hemph i 11 i m ff 8-13-81 
7. Maxwel1ia gema m e 5-17-82 
8. Mytilus sp. s ff 8- 4-81 
9. nudibranch-unidentified eolid m e 8-20-81 
10. Octopus sp. m e 5-20-81 
lI. Pholadidae (fami1y) s ff 11-11-81 
12. Pododesmus cepio s ff 1-16-81 
13. Serpulorbis squam~gerous s ff 5-20-81 
ECHINODERMATA 
1. Patiria miniata m o 8-14-81 
2. Pisas ter brevispinus m e 9-17-80 
3. Pisaster giganteus m e 10-30-80 
4. Strongylocentrotus purpura tus m h 5-17-82 
CHORDATA 
1. Chelyosoma productum s ff 8- 4-81 
2. Cystodytes loba tus s ff 4-21-81 
3. Diplosoma macdona1di s ff 4-21-81 
4. Pyura haustor s ff 8-11-81 
5. Stye1a montereyensis s ff 1-16-81 
lo 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
1!. 
12. 
13. 
14. 
15. 
16. 
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APPENDIX 3.	 Alga1 Tó.xa at Pend1eto:! Artificial Reef 
Listed by Date of First Observatian. 
Taxa (species 1131r.e) 
Ectocarpus
 
Po1ysiphonius red alga
 
Enteromorpha sp.
 
Rhodymenia sp.
 
foliase brown a1gae
 
fi1amentous greer a1gae
 
ColEomenia sinuosa
 
Macrocy_~l..~_ sp.
 
Eisenia arborea
 
Gigart:jna sp.
 
Pterygophora ca1ifornica
 
Laur~ncia sp.
 
Dictyota f1ab~11at~
 
Ge1~_~y_m/Pterocladi~
 
Cystoseir.s. sr. 
Coral1ina officina1is 
varo chilensis 
Phy1uIU 
Phaeophyta 
Rhodophyta 
Ch1orophyta 
Rhodohpyta 
Phaeophyta 
Chlorophyta 
Phaeophyta 
Phaeophyta 
Phaeophyta 
Rhodophyta 
Phaeophyta 
Rhociophyta 
Phaeophyta 
Rhodophyta 
Phaeophyta 
Rhodophyta 
Date of first 
observation 
10-17-80 
12-11-80 
l2-11-S0 
1-16-81 
1-16-81 
1-16-81 
1-16-81 
4-21-81 .. 
4-21-81 
6-1-81 
6-21-81 
8-7-81 
8-13-81 
4-20-82 
8- -82 
12-20-82 
...
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APPENDIX 4. Fish Taxa at Pendleton Artificial Reef 
Listed by Date of First Observation. 
" 
Taxa 
lo Embiotoca jacksoni 
2. Paralabrax nebulifer 
3. P. clathratus 
4. Phanerodon furcatus 
5. Scorpaena guttata 
6~' Paralichthys californicus 
7. Semicossyphus pulcher 
8. Damalichthys vacca 
9. Medialuna californiensis 
10. Girella nigricans 
11. Stereolepis gigas 
12. Anisotremus davidsonii 
13. Halichoeres semicinctus 
14. Chromis punctipinnis 
15. Hypsypops rubicundus 
16. Oxylebius pictus 
17. Sebastes auriculatus 
18. S. atrovirens 
19. Torpedo californica 
20. Cheilotrema saturnum 
21. Scorpaenichthys marmoratus 
22. Oxyjulis californica 
23. Lythrypnus da1li 
24. L. zebra 
25. Sebastes serriceps 
26. Coryphopterus nicholsii 
27. one of 3 possible species 
28. Pleuronichthys coenosus 
29. Genyonemus linea tus 
30. Trachurus syrnmetricus 
Common name 
Black surfperch 
Barred sand bass 
Kelp bass 
White surfperch 
Sculpin 
California halibut 
Sheephead 
Pile surfperch 
Halfmoon 
Opaleye 
Giant sea bass 
Sargo 
Rock wrasse 
Blacksmith 
Garibaldi 
Painted greenling 
Brown rockfish 
Kelp rockfish 
Pacific electric ray 
Black croaker 
Cabezon 
Senorita 
Blue-banded. goby 
Zebra goby 
Treefish 
Blackeye goby 
Triggerfish 
C-O turbot 
White croaker 
Jack mackerel 
Date of first 
observation 
8/80 
8/80 
8/80 
8/80 
9/80 
9/80 
10/80 
10/80 
10/80 
10/80 
10/80 
10/80 
10/80 
10/80 
10/80 
5/81 
5/81 
5/81 
5/81 
5/81 
10/81 
10/81 
10/81 
10/81 
10/81 
10/81 
10/81 
11/81 
6/82 
6/82 
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APPENDIX S. Fish Taxa at Pendleton Artificial Reef Listed by Association Rabitat 
l. Reef Assoeiated Fishes 
A. Resident Fishes 
Taxa 
1. Chromis punctipinnis 
2. Hypsypops rubicundus 
3. Oxylebius pictus 
4. Sebastes a~~atus 
5. Sebastes atrovirens 
6. Lythrypnus dalli 
7. Lythrypnus zebra 
8. Sebastes serriceps 
9. Coryphopterus nicholsii 
B. Semi-Resident Fishes 
Taxa 
l. Embiotoca jacksoni 
2. Paralabrax~~er 
3. Paralabrax elathratus 
4. Scorpaena guttata 
S. Semieossyphus pulcher 
6. Damalichthys vacea 
7. Medialuna californiensis 
8. Girella nigricans 
9. Stereolepis gIgas 
10. Anisotremus davidsonii 
11. Halichoeres semicinctus 
12. Scorpaeniehthys marmoratus 
13. Oxyjulis californica 
11. Non-Reef Associated Fishes 
A. Benthic 
Taxa 
l. Phanerodon furcatus 
2•. Para 1ichthys ca 1ifornicus 
3. Torpedo californica 
4. Pleuronichthys coenosus 
5. Genxonemus lineatus 
Common Name 
Blaeksmith 
Garibaldi 
Painted greenling 
Brown rockfish 
Kelp roekfish 
Blue-banded goby 
Zebra goby 
Treefish 
Blackeye goby 
Common Name 
Black surfperch 
Barred sand bass 
Kelp Bass 
Sculpin 
Sheephead 
pile surfperch 
Ralfmoon 
Opaleye 
Giant sea ba s s 
Sargo 
Rock wrasse 
Cabezon 
Senorita 
Common Name 
White surfperch 
California halibut 
Pacific electric ray 
c-o turbot 
Whit'e croaker 
.. 
Date of First 
Observation 
10/80
 
10/80
 
5/81
 
5/81
 
5/81
 
10/81
 
10/81
 
10/81
 
10/81
 
Da te of Firs t 
Observation 
8/80
 
8/80
 
8/80
 
9/80
 
10/80
 
10/80
 
10/80
 
10/80
 
10/80
 
10/80
 
10/80
 
10/81
 
10/81
 
Date of First 
Observation 
...8/80
 
9/80
 
5/81
 
11/81
 
6/82
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APPENDIX 5. (Continued) 
B. Pelagic 
Date of First 
Taxa Cornmon Name Observation 
1. Cheilotrema saturnum Black croaker 5/81 
2. One of .3 possible species Triggerfish 10/81 
3. Trachurus symmetricus Jack mackerel 6/82 
, 
• 
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APPENDIX 6. Fish Taxa at PendIeton Artificial Reef Listed by FamiIy 
FAMILY SPECIES 
l. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
Torpedinidae 
Scoq;aenidae 
Hexagrammidae 
Cot t idae 
Serranidae 
Carangidae 
Pr i s t i poma t ida e 
Sciaenidae 
Girel1idae 
Scorpididae 
Embiotocidae 
Pomacentridae 
Labridae 
Gobiidae 
Pleuronectidae 
Bothidae 
Balistidae 
Torpedo californica 
Scorpaena guttata 
Sebastes atrovirens 
Sebastes serrlceps 
Sebastes auriculatus 
Oxylebius pictu~ 
Scorpaenichthys marmoratus 
Stereolepis gigas 
Paralabrax clathratus 
Paralabrax nebulifer 
Trachurus symmetricus 
Asisotremus davidsonii 
Genyonemus lineatus 
Cheilotrema satunrum 
Gire11a ~igricans 
Medialuna californiensis 
Embiotoca jacksoni 
Phanerodon furcatus 
Damalichthys vacca 
Hypsypops rubicundus 
Chro~unctipinnis 
Semicossyphus pulcher 
Oxyjulis californica 
Ha1ichoeres semicinctus 
Lythrypnus da lli 
Lythrypnus zebra 
Coryphopteius nicholsii 
Pleuronichthys coenosus 
Paralichthys californicus 
One of 3 possible species 
..
 
.., 
... 
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APPENDIX 7. Synopsis of Reef Activities, 
October 1981 through December 1982. 
Operationand
 
Personne1 Date Comments
 
Ke1p TP	 via R/V 10-7&8-'81 360+ Macrocystis p1ants 5"-10' long attached 
KELP BASS DF&G vesse1. to reef with rubber circ1ets. Haaker photo­
Wi1son,Grant,Grover, graphed reef. 18 10bster traps seen many with 
Togstad,Haaker,Tegner, 10bster. Good ocean & weather conditions. 
Kop1ey Sea temp. 19.50C top - l6.50C bottom. 
Vis e 30-45 fte 
Ke1p count of pre- 11-6&9-'81 Counted the Macro transplants from Oct. 
vious transp1ant. 6&7, a1so recruits & drifters on Mods 
+ recruits & drif- 1,2,3&8.
 
terso
 
Togstad,Wilson
 
RPC=Random point 11-10,11,18-'81 All RPC samples comp1eted'on mods 1,2,3&8. 
contacto 
Wi1son,Grant, 
Togstad,Grover 
Aba10ne	 transp1ant & 12-14,15,16-'81 Transp1anted apx 19,281 juv red abalone, 
ke1p transp1ant.	 raised at Redondo Beach Generating station 
Grant, Togstad,	 (So. Cal. Edison). Size range 12.3 mm to 
Grover,Butt1er,	 40.1 mm. Mode=13.0 mm. Al1 attached to 
Kope1y,	 Drake. oyster she11. Placed almost evenly between 
Plus 4 Dana Pt. 1ife­	 Mods 2,4,6&8. Mods 2&6 without cobble 
guards and 2 Fish &	 topping, 4&8 with topping. 1,000 aba10ne 
Wi1dlife personne1.	 taken by Lo~kheed for experiments. Dec. 
16 - 7 large ke1p plants (from SMK) attached 
to Mods 2,4&8. Average 1ength=30-40 ft. 
,	 2 buoy markers lost at Mid-Jan '82 Informed by John Carter-Lockheed. 
Mods 7&8. 
PAR samp1ing done 2-2,3,4-'82 A11 RPC's & 30m2 1ined samp1es completed, 
RPC's & 30m2 line	 Mods 1,2,3&8. Good weather & sea condi­
transects.	 tions. Averaged 3-4 RPC's per dive per 
Togstad,Grant,Grover	 persono 
Transport anchor 3-1 - 5-'82 Anchor chain picked up from Christmas Tree 
chain; Ke1p TP	 Cove, Palos Verdes Peninsula, and distributed 
R/V KELP BASS cruise.	 on a1l 8 modules. 18 large plants attached 
Wi1son,Grant,Grover,	 to this chain via PVC f10ats on mods 1,2&4. 
Dixon,Drake,Harvey,	 Average length=40-70'. 
Booth, Coe1son 
Ke1p transp1ant 3-24-'82 Bad visibility at SMK prec1uded any trans­
Grover,Wilson, &	 p1anting. 
Togstad 
Operation and 
Personne1 
Ke1p transp1ant. 
Grant, Mais 
Ke1p transplant. 
Grant,Togstad,Hais, 
(Wi1son&K.Framsted 
on board) 
Ke1p transp1ant. 
Wilson,Grant, 
Togstac,Tognazinni 
RPC's 
Wi1son,Grover 
RPC's 
Wi1son,Grant, 
Grover,!ogstad 
30m2 1ine transect 
Wi1son,Grant,Grover, 
Togstad 
Rep1ace 2 spar buoys 
l-li1son,Grant,Togstad, 
Dixon 
Ke1p transplant. 
Grant,Togstad, 
Wo1f,Tognazinni 
Recon dive. 
Togstad,Steele 
Ke1p transp1aút. 
Wi1son,Grant, 
Togstad 
Kelp 'transplant. 
Wi1son,Grant,Togstad, 
Wolf 
Ke1p transplant. 
Grant,Togstad, 
Grover 
Date 
4-20-'82 
4-22-'82 
4-23-!82 
5-3 -5,' 82 
5-'12- ~ 82 
5-17-' 82 
5-20-'82 
5-26-'82 
5-28-'82 ' 
6-21-'82 
6-22-'82 
6-23-'82 
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Comments 
Transp1anted 4 p1ants to Mod #7:#fronds= 
13+,28+,32+,45+ / and 2 p1ants to Nod ¡i8 
#fronds=38+,39+. Plant length ranged from 
25' ··80'. AlI col1ected from 8111 ke1p bed. 
27 1arge. pIants attached to Hods 6&8 fron! 
San Mateo Kelp. These were grouped iuto 14 
c1usters. Length rauge=30-70 ft. Fronas 
per p1ant=18,15,9,12,36,14,19,13,S,17,15, 
17,36,11,11,12,36,15,9,14,19,7,8,11,36,19,9. 
6 large p1ants attached to Mod 5. Fronds 
per p1ant=10,12,21,24,26,31. Also attached 
new spar buoy to Hod 5. 
RPC's Mods 1,2,3 
RPC's 110ds 3&8. 
.. 
30m2 1ines were comp1eted on Mods 1,2,3,8. 
2 new spar buoys attached to Mods 1&3. 
A red aba10ne (6-3/4") found on Mod 1 
upcurrent end near base. 
9 p1ants from SMK attached to Mod l. 
Average length=35 - 40'; frond counts= 
14,17,18,18,21,21,24,25,26. Heavy encrus­
tations of Membranopora. Good sporophy11 
deve10pmenr:. 
A variety of organisms were c011ected for 
more specific identification. 
.. 
12 1arge p1ants c011ected & p1aced 
at Mod 2. 
on chain 
26 smal1er p1ants (4'-10') 
Mod 2. 
ta1l p1aced on 
29 sma11er p1ants (4'-30' long) were p1aced 
on Mod 2. Fronds ranged froro 3 to 8+ per 
p1ant. 
..
 
Operation and 
Personne1 
Ke1p transp1ant. 
Grant,Togstad, 
& Grover 
•	 Ke1p transp1ant. 
Wi1son,Togstad, 
Grant 
Ke1p transp1ant. 
Wi1son,Stee1e, 
Togstad 
Maintenance & survey 
Grant,Grover, 
Togstad 
" 
Ke1p transp1ant. 
Wilson,Grant, 
Togstad 
Ke1p transp1ant. 
Wi1son,Togstad, 
Grant 
, 
Ke1p transp1ant. 
Wi1son,Togstad, 
Grover 
RPC's. 
Wi1son,Grover, 
Togstad 
RPC's 
Wi1son,Togstad, 
Grant 
'. 30m2 1ines. 
Wi1son,Togstad, 
Grover 
30m2 transects. 
Wilson,Grant, 
Togstad 
Date 
6-24-'82
 
6-28-'82 
7-1-'82 
7-6-'82 
7-7-'82 
7-13-'82 
7-27-'82 
8-3-'82 
8-10-'82 
8-18-' 82 
8-24-'82
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Comments 
15 1arge p1ants p1aced on Mod l. These 
were a11 attached to the anchor chain 
a10ng with the 5-8 remaining p1ants from 
the May 26th transplant. 
14 1arge p1ants were attached to chain on 
Mod 3. Size range=15 - 60+ ft in 1ength; 
frond counts=9,9,10,10,11,12,l3,14,14,19, 
20,22,23,24. Ho1dfast diam. = 0.5-2.0 ft. 
11 1arge p1ants attached to chain on Mod 4. 
Moved anchor chain from Mod. 2 to Mod. 4. 
Surveyed kelp transp1ants on Mods. 2&4.' 
Mod. 2=10 p1ants; Mod 4=3 p1ants. Most 
were grazed and epiphitized. Previous 
transp1ants were: Mod2-June 23; 
Mod 4-Mar. 3, '82. 
9 1arge plants attached to Mod. 4. Length 
range = 20 to 50 ft. 
Transp1anted 16 young p1ants to Mod. 4. 
Length range = 3-20 ft.; frond range= 
1-11. 4 1arge p1ants attached to chain 
without P.V.C. f10ats. 
10 1arge p1ants attached to Mod. 5. 
Length range =15-30 ft.; frond counts= 
6,7,7,9,10,11,12,12,13,13. 
A1l RPC's were comp1eted on Mods 1&2. 
A11 RPC's comp1eted on Mod. 8. 
Both 30m2 transect 1ines were comp1eted. 
Al1 30m2 transect 1ines comp1eted on
 
Modules 1 & 2.
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Operation and
 
Personne1
 
30m2 transects PAR 
RPC' s at LRP. 
Wi1son,Grant, 
Togstad 
RPC' s at LRP ..
 
Wi1son,Togstad
 
RPC' s at LRP.
 
Wi1son,Togstad
 
Fi1ming of reef,
 
ke1p transp1ant.
 
Wi1son,Togstad,
 
Grover,Foott
 
Fi1ming of reef.
 
Wi1son,Togstad,
 
Foott
 
Filming of reef.
 
Wi1son,Togstad,
 
Foott,4 Dana Pt.
 
Park Servo life­

guards.
 
*Tota1 ke1p trans­
p1anted. 
RPC' s PAR 2.
 
Wi1son,Grover,
 
Togstad
 
RPC' s Mod. 2&3.
 
Wi1sou,Grover,
 
Togstad
 
RPC' s Mod. 1.
 
Wi1son,Grover
 
Date 
Mo-Day-yr 
8-24-'82 
9-9-'82 
9-10-'82 
11-1-'82 
11-2-'82 
11-3-'82 
11-1-3-' 82 
11-8-'82 
11-16-'82 
11-18-' 82 
Co~ents 
...PAR 8 & LPR - didn't locate main part of 
reef: no surveys. Accompanied by Bob 
Grove S.C.E. 
6 RPC's comp1eted at 3 depths at LRP 
determination of each samp1e site was by 
random compass heading & predetermined 
relid. 
Same as aboye; 6 more RPC's for total of 
12. LPR 
Fi1ming of kelp transp1ant & surface 
operations. PAR 4 
Fi1ming, fish, inverts, and activities. 
PAR 4. 
Fi1ming of ke1p transp1anting & lífeguards 
invo1vements. PAR 4 & S~fK. 
7 large (30-60'; 6-15 fronds) + 13 sma11 
(2-10'; 2-6 fronds) Macro; 7 Eisenia 
and 1 Egregia. PAR 4. 
12 RPC's completed. PAR 2 
2 RPC's comp1eted on PAR 2. Mod. 1 was 
surveyed for depth profi1e at each meter 
along longitude. 6 RPC's done on Mod. 3. 
Lcckheed has p1anted ::. 200+ Pterygophora 
p1ants on Mod. 3 using epoxy. Average 
heigh t = 2. 5 f t. 
.. 
6 RPC's comp1eted on Mod. 1. 
...
 
Operation and
 
Personne1
 
" PAR 1,2,6
 
Buoy maintenance.
 
Togstad, Grover,
 
Tognazzini
 
SMK & PAR 2
 
Ke1p transp1ant.
 
Togstad,Grover,
 
Tognazzini,Lou
 
Marquette&Leonard
 
Ortiz-Parks & Re­
creation Dept.
 
R/V KELP BASS Cruise.
 
SMK & PAR 2
 
Ke1p transp1ant.
 
Same as above
 
SMK & PAR 7
 
Ke1p transp1ant.
 
Wi1son,Togstad,
 
Stee1e,Grover,
 
Tognazzini
 
PAR 1
 
RPC~s & 30m2 1ine
 
surveys. Wi1son,
 
Togstad
 
PAR 3
 
RPC' s. Wi1son,
 
Togstad & Ray
 
Buck1ey from Wash­

ington State Dept.
 
of Fisheries
 
PAR 2
 
30m2 1ine surveys.
 
Wilson,Togstad
 
PAR 8&3
 
30m2 lines; RPC.
 
Wi1son,Grover
 
Togstad
 
Date
 
Mo-Day-Yr
 
12-6-82 
12-7-82 
12-8-82 
12-9-82 
12-14-82 
12-15-82 
12-16-82 
12-20-82 
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Connnents 
Spar buoy #1 missing-rep1aced with temporary 
spar buoy. Re10cated 06&#2 to correct posi­
tions. Repositioned anchor chain. 
12 1arge p1ants (40-70' long; 12-30 fronds) 
p1aced on Mod 2. 6 tied to anchor chain, 6 
p1aced in grave1 fi11ed bags & p1aced on 
cobb1e area at south end of module. 
16 1arge plants (40-70' long; 14-40 fronds) 
p1aced on Mod 2. 5 tied to anchor chain 
and 11 put down in grave1 fi11ed bags. 
27 1arge p1ants up to 70' long placed on 
Mod 7. 13 tied to anchor chain, 14 put 
down in grave1 fil1ed bags. 
6 RPC's comp1eted and two 30m2 transect 
1ines done on Mod l. Ke1p transp1ants of 
Dec. 7&8 surveyed on Mod 2. 
6 RPC's comp1eted on Mod 3. Ray Buck1ey 
photographed RPC procedures. 
Two 30m2 transect 1ines comp1eted on Mod 2. 
30m2 transect 1ines comp1eted on Mods 8&3. 
A11en did 2 RPC's - to finish on Mod 8. 
First occurrence of aritcu1ated cora11ine 
a1gae seen on crest of Mod 8. A1so seen 
were 3 lobster, one triggerfish. 
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APPENDIX S. Man Days Spent in Field and Other Activities at 
PAR During 19S1-S2 Contract Period 
Fie1d Activities la/SI - 10/82 
Ke1p tr~nsplant operations 
Abalone transp1ant operations 
30 rn2 band transect studies 
0.125 ro2 randam point contact (RPC) studies 
Maintenance--survey line and spar buoy 
--dai1y boat maintenance 
TOTAL FIELD ACTIVITIES 
Off ice Activities 
Literature review 
Propasa1 preparatian 
Data ana1ysis 
Nonth1y reports 
Annua1 progress report 
TOTAL OFFICE ACTIVITIES 
TOTAL ~~N DAY EXPENDITURES FOR 10/81 - 10/82 
Man days 
140 
39 
37 
36 
20 
6 
278 
10 
30 
65 
24 
40 
169 
447 roan days 
.. 
.. 
